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Its purpose 

The purpose of this manual is to help you 
get the best value from your vehicle. It can do 
so in several ways. It can help you decide 
what work must be done, even if you choose 
to have it done by a dealer service depart- 
ment or a repair shop; it provides information 
and procedures for routine maintenance and 
servicing; and it offers diagnostic and repair 
procedures to follow when trouble occurs. 

We hope you use the manual to tackle 
the work yourself. For many simpler jobs, 
doing it yourself may be quicker than arrang- 
ing an appointment to get the vehicle into a 
shop and making the trips to leave it and pick 
it up. More importantly, a lot of money can be 
saved by avoiding the expense the shop must 
pass on to you to cover its labor and overhead 


costs. An added benefit is the sense of satis- 
faction and accomplishment that you feel after 
doing the job yourself. 


Using the manual 

The manual is divided into Chapters. 
Each Chapter is divided into numbered Sec- 
tions, which are headed in bold type between 
horizontal lines. Each Section consists of con- 
secutively numbered paragraphs. 

At the beginning of each numbered Sec- 
tion you will be referred to any illustrations 
which apply to the procedures in that Sec- 
tion. The reference numbers used in illustra- 
tion captions pinpoint the pertinent Section 
and the Step within that Section. That is, 
illustration 3.2 means the illustration refers to 
Section 3 and Step (or paragraph) 2 within 


that Section. 

Procedures, once described in the text, 
are not normally repeated. When it’s neces- 
sary to refer to another Chapter, the reference 
will be given as Chapter and Section number. 
Cross references given without use of the 
word “Chapter” apply to Sections and/or para- 
graphs in the same Chapter. For example, 
“see Section 8” means in the same Chapter. 

References to the left or right side of the 
vehicle assume you are sitting in the driver’s 
seat, facing forward. 

Even though we have prepared this 
manual with extreme care, neither the pub- 
lisher nor the author can accept responsibility 
for any errors in, or omissions from, the infor- 
mation given. 


NOTE 


A Note provides information necessary to properly complete a procedure or information which will 
make the procedure easier to understand. 


CAUTION 


A Caution provides a special procedure or special steps which must be taken while completing the 
procedure where the Caution is found. Not heeding a Caution can result in damage to the assembly 


being worked on. 


WARNING 


A Warning provides a special procedure or special steps which must be taken while completing the 
procedure where the Warning is found. Not heeding a Warning can result in personal injury. 


Introduction 


The models covered by this manual are 
conventional front-engine, rear-wheel drive 
vehicles. They are available in various Gross 
Vehicle Weight Rating classifications; ranging 
from the 1/2-ton E-150 model to the 3/4-ton 
E-250 and 1-ton E-350 models. 

Engine options include the 4.2L (256 cu. 
in.) V6 engine, the 4.9L (300 cu. in.) inline six- 
cylinder engine, the 4.6L (281 cu. in.), the 5.0L 
(302 cu. in.), the 5.4L (329 cu. in.), the 5.8L 
(351 cu. in.), the 7.5L (460 cu. in.) V8 engines 
and the 6.8L (415 cu. in.) V10 engines. The 
fuel system on all engines is a computer con- 
trolled multi-port fuel-injected system. 


Power from the engine is transferred 
through an automatic transmission to the dif- 
ferential mounted in the solid rear axle assem- 
bly by a tubular driveshaft incorporating uni- 
versal joints. Axles inside the assembly carry 
power from the differential to the rear wheels. 
Transmission types include a heavy-duty 
3-speed model and several different 4-speed 
models, with fourth gear being an overdrive 
ratio. Some 4-speed automatics utilize com- 
puter controlled electronic shifting capabilities. 
Some 2004 and later models with 6.8L V10 
engines have an optional TorqShift 5-speed 
automatic overdrive transmission. 


Suspension is independent twin l-beam 
in the front, with coil springs and radius arms 
used to locate the knuckle assembly at each 
wheel. The rear suspension features semi- 
elliptical leaf springs. All models use hydraulic 
shock absorbers at each corner. Power steer- 
ing is standard on all models. 

The brakes are disc at the front and drum 
at the rear. Some late models are equipped 
with rear disc brakes. All models use hydraulic 
brakes assisted by a vacuum booster. Some 
models are equipped with an Anti-lock Brak- 
ing System (ABS). 


Vehicle identification numbers 


Modifications are a continuing and 
unpublicized process in vehicle manufactur- 
ing. Since spare parts lists and manuals are 
compiled on a numerical basis, the individual 
vehicle numbers are necessary to correctly 
identify the component required. 


Vehicle Identification 


Number (VIN) 


This very important identification number 
is stamped on a plate attached to the dash- 
board inside the windshield on the driver’s 
side of the vehicle (see illustration). The VIN 


also appears on the Vehicle Certificate of Title 
and Registration. It contains information such 
as where and when the vehicle was manufac- 
tured, the model year and the body style. 


VIN engine and model year 


codes 

Two particular important pieces of infor- 
mation found in the VIN are the engine code 
and the model year code. Counting from the 
left, the engine code letter designation is the 
8th digit and the model year code designation 
is the 10th digit. 


On the models covered by this manual the 
engine codes are: 


дьо UON 4.2L V6 

Ұш АЛ. 4.9L inline 6 

үу; 22205. 4.61. (Котео) У8 
Өзек 4.6L (Windsor) V8 
NE Е 5.0L V8 
Нік 5.8L М8 
ырады 5.4L V8 
ыла 7.5L V8 

S DE. S es 6.8L V10 


The Vehicle Identification Number (VIN) is visible through the 
driver's side windshield 


—  ÓÀà ae 


ШШ [ШШ 


Ы еу 


6 ШІ 


Тһе engine identification label is affixed to the valve corn 


The differential identification tag is bolted to the differential cone 


Vehicle identification numbers 


On the models covered by this manual the 
model year codes are: 


CRE. fen 2012 

——— ÀÓ' 2011 

АЕ е 2010 

“жеу „ёге, 2009 

foe n 2008 

icon ene 2007 

oC mE oe 2006 

iS eas aed Ше, 2005 

C MIN culte 2004 

Зал ақан 2003 

20 dc ал: 2002 

UO ТУУЛ 2001 

Y o nS o es 2000 

P quU. MUN 1999 

МА NH d 1998 

Misses бына, YEE 1997 

jl зы ыла РИЧИ 1996 

SE ae 1995 Engine identification numbers 
CONO LA 1994 Labels containing the engine code, 
pa ami 1993 engine number and build date can be found on 
v em ы.) 1992 the valve cover (see illustration). The engine 


Vehicle Certification Label 

The Vehicle Certification Label is attached 
to the driver's side door pillar (see illustra- 
tion). Information on this label includes the 
name of the manufacturer, the month and year 
of production, the Gross Vehicle Weight Rat- 
ing (GVWR), the Gross Axle Weight Rating 
(GAWR) and other vehicle specific information. 


Booster battery (jump) starting 


Observe the following precautions when using a booster battery to start a 


vehicle: 


a) Before connecting the booster battery, make sure the ignition switch is in 


the Off position. 


b) Turn off the lights, heater and other electrical loads. 
c) Your eyes should be shielded. Safety goggles are a good idea. 
d) Make sure the booster battery is the same voltage as the dead one in the 


vehicle. 


e) The two vehicles MUST NOT TOUCH each other. 
f) Make sure the transmission is in Neutral (manual transaxle) or Park 


(automatic transaxle). 


number is also stamped onto a machined pad 
on the engine block. 


Transmission identification 


numbers 

The automatic transmission ID number 
is affixed to a label on the right side of the 
case. 


О 
О 
О 
О 
О 
О 


g) If the booster battery is not а maintenance-free type, remove the vent 


caps and lay a cloth over the vent holes. 


Connect the red jumper cable to the positive (+) terminals of each bat- 


tery. 


. Connect one end of the black cable to the negative (-) terminal of the 


The VECI label is located near the radiator support 


Dead battery 


Differential identification 


numbers 

The differential ID number is stamped on 
a tag which is bolted to the differential cover 
(see illustration). 


Vehicle Emissions Control 
Information (VECI) label 


This label is found in the engine com- 
partment (see illustration). See Chapter 6 for 
more information on this label. 


Booster battery 


ОООООО 


booster battery. Тһе other end of this cable should be connected to a good 
ground on the engine block (see illustration). Make sure the cable will not 
come into contact with the fan, drivebelts or other moving parts of the engine. 

Start the engine using the booster battery, then, with the engine running 
at idle speed, disconnect the jumper cables in the reverse order of connec- 


tion. 
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Make the booster battery cable connections in the 
numerical order shown (note that the negative cable of the 
booster battery is NOT attached to the negative terminal of 

the dead battery) 
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Buying parts 


an exchange basis, which can save a con- 
siderable amount of money. Discount auto 
parts stores are often very good places to 
buy materials and parts needed for general 
vehicle maintenance such as oil, grease, fil- 
ters, spark plugs, belts, touch-up paint, bulbs, 
etc. They also usually sell tools and general 
accessories, have convenient hours, charge 
lower prices and can often be found not far 
from home. 

Authorized dealer parts department: 
This is the best source for parts which are 


Replacement parts are available from 
many sources, which generally fall into one 
of two categories - authorized dealer parts 
departments and independent retail auto parts 
stores. Our advice concerning these parts is 
as follows: 

Retail auto parts stores: Good auto 
parts stores will stock frequently needed com- 
ponents which wear out relatively fast, such 
as clutch components, exhaust systems, 
brake parts, tune-up parts, etc. These stores 
often supply new or reconditioned parts on 


Maintenance techniques, 
tools and working facilities 


unique to the vehicle and not generally avail- 
able elsewhere (such as major engine parts, 
transmission parts, trim pieces, etc.). 

Warranty information: If the vehicle is 
still covered under warranty, be sure that any 
replacement parts purchased - regardless of . 
the source - do not invalidate the warranty! 

To be sure of obtaining the correct parts, 
have engine and chassis numbers available 
and, if possible, take the old parts along for 
positive identification. 


ous tasks properly, which will ensure that the 


Maintenance techniques 
repair job is thorough and complete. 


There are a number of techniques 
involved in maintenance and repair that will 
be referred to throughout this manual. Appli- 
cation of these techniques will enable the 
home mechanic to be more efficient, better 
organized and capable of performing the vari- 


Fasteners 

Fasteners are nuts, bolts, studs and 
screws used to hold two or more parts 
together. There are a few things to keep in 
mind when working with fasteners. Almost all 


Grade 1 or 2 Grade 5 


Bolt strength marking (standard/SAE/USS; bottom - metric) 


Grade Identification Grade Identification 
9 ess. 
Hex Nut е; Hex Nut , же 
Grade 5 4 » open ( ( J | 
jm Y^ Vx 
3 Dots Arabic 9 
..--4% ж ` 
Hex Nut +” 
= Cyl mq» x = © 
5—64 ass 10 а55 СІ 
“-% к ТЕ wi ae 
6 Dots Arabic 10 


Standard hex nut 


Metric hex nut 
strength markings 


Metric stud strength markings 
strength markings Ы 


00-1 НАҮМЕ5 


of them use a locking device of some type, 
either a lockwasher, locknut, locking tab 
or thread adhesive. All threaded fasteners 
should be clean and straight, with undam- 
aged threads and undamaged corners on the 
hex head where the wrench fits. Develop the 
habit of replacing all damaged nuts and bolts 
with new ones. Special locknuts with nylon or 
fiber inserts can only be used once. If they are 
removed, they lose their locking ability and 
must be replaced with new ones. 

Rusted nuts and bolts should be treated 
with a penetrating fluid to ease removal and 
prevent breakage. Some mechanics use tur- 
pentine in a spout-type oil can, which works 
quite well. After applying the rust penetrant, 
let it work for a few minutes before trying to 
loosen the nut or bolt. Badly rusted fasten- 
ers may have to be chiseled or sawed off or 
removed with a special nut breaker, available 
at tool stores. 

If a bolt or stud breaks off in an assem- 
bly, it can be drilled and removed with a spe- 
cial tool commonly available for this purpose. 
Most automotive machine shops can perform 
this task, as well as other repair procedures, 
such as the repair of threaded holes that have 
been stripped out. 

Flat washers and lockwashers, when 
removed from an assembly, should always 
be replaced exactly as removed. Replace any 
damaged washers with new ones. Never use 
a lockwasher on any soft metal surface (such 
as aluminum), thin sheet metal or plastic. 


Fastener sizes 


For a number of reasons, automobile 
manufacturers are making wider and wider 
use of metric fasteners. Therefore, it is impor- 
tant to be able to tell the difference between 
standard (sometimes called U.S. or SAE) and 
metric hardware, since they cannot be inter- 
changed. 


Maintenance techniques, tools and working facilities 0-9 


Metric thread sizes 


БК О у.с... 


Ft-Ibs Nm 

6 to 9 9 to 12 
14 to 21 19 to 28 
28 to 40 38 to 54 
50 to 71 68 to 96 
80 to 140 109 to 154 
5 to 8 7 to 10 
12 to 18 17 to 24 
22 to 33 30 to 44 
25 to 35 34 to 47 
6109 9 to 12 
12 to 18 17 to 24 
14 to 20 19 to 27 
22 to 32 30 to 43 
27 to 38 37 to 51 
40 to 55 55 to 74 
40 to 60 55 to 81 
55 to 80 75 to 108 


Standard (SAE and USS) bolt dimensions/ 
grade marks 


Grade marks (bolt strength) 
Length (in inches) 

Thread pitch (number of threads 
per inch) 

Nominal diameter (in inches) 


о -r-O 


T—>||<— 
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Metric bolt dimensions/grade marks 


P Property class (bolt strength) 

L Length (in millimeters) 

T Thread pitch (distance between 
threads in millimeters) 

D Diameter 


All bolts, whether standard or metric, are 
sized according to diameter, thread pitch and 
length. For example, a standard 1/2 - 13 x 1 
bolt is 1/2 inch in diameter, has 13 threads 
per inch and is 1 inch long. An M12 - 1.75 x 
25 metric boit is 12 mm in diameter, has a 
thread pitch of 1.75 mm (the distance between 
threads) and is 25 mm long. The two bolts are 
nearly identical, and easily confused, but they 
are not interchangeable. 

In addition to the differences in diameter, 
thread pitch and length, metric and standard 
bolts can also be distinguished by examining 
the bolt heads. To begin with, the distance 
across the flats on a standard bolt head is 
measured in inches, while the same dimen- 
sion on a metric bolt is sized in millimeters 
(the same is true for nuts). As a result, a stan- 


dard wrench should not be used on a metric 
bolt and a metric wrench should not be used 
on a standard bolt. Also, most standard bolts 
have slashes radiating out from the center of 
the head to denote the grade or strength of 
the bolt, which is an indication of the amount 
of torque that can be applied to it. The greater 
the number of slashes, the greater the 
strength of the bolt. Grades 0 through 5 are 
commonly used on automobiles. Metric bolts 
have a property class (grade) number, rather 
than a slash, molded into their heads to indi- 
cate bolt strength. In this case, the higher the 
number, the stronger the bolt. Property class 
numbers 8.8, 9.8 and 10.9 are commonly 
used on automobiles. 

Strength markings can also be used to 
distinguish standard hex nuts from metric hex 


nuts. Many standard nuts have dots stamped 
into one side, while metric nuts are marked 
with a number. The greater the number of 
dots, or the higher the number, the greater the 
strength of the nut. 

Metric studs are also marked on their 
ends according to property class (grade). 
Larger studs are numbered (the same as met- 
ric bolts), while smaller studs carry a geomet- 
ric code to denote grade. 

It should be noted that many fasteners, 
especially Grades 0 through 2, have no dis- 
tinguishing marks on them. When such is the 
case, the only way to determine whether it is 
standard or metric is to measure the thread 
pitch or compare it to a known fastener of the 
same size. 

Standard fasteners are often referred 
to as SAE, as opposed to metric. However, it 
should be noted that SAE technically refers to 
a non-metric fine thread fastener only. Coarse 
thread non-metric fasteners are referred to as 
USS sizes. 

Since fasteners of the same size (both 
standard and metric) may have different 
strength ratings, be sure to reinstall any bolts, 
studs or nuts removed from your vehicle in 
their original locations. Also, when replacing 
a fastener with a new one, make sure that 
the new one has a strength rating equal to or 
greater than the original. 


Tightening sequences and 
procedures 

Most threaded fasteners should be tight- 
ened to a specific torque value (torque is the 
twisting force applied to a threaded compo- 
nent such as a nut or bolt). Overtightening the 
fastener can weaken it and cause it to break, 
while undertightening can cause it to even- 
tually come loose. Bolts, screws and studs, 
depending on the material they are made 
of and their thread diameters, have specific 
torque values, many of which are noted in the 
Specifications at the beginning of each Chap- 
ter. Be sure to follow the torque recommen- 
dations closely. For fasteners not assigned a 
specific torque, a general torque value chart 
is presented here as a guide. These torque 
values are for dry (unlubricated) fasteners 
threaded into steel or cast iron (not alumi- 
num). As was previously mentioned, the size 
and grade of a fastener determine the amount 
of torque that can safely be applied to it. The 
figures listed here are approximate for Grade 
2 and Grade 3 fasteners. Higher grades can 
tolerate higher torque values. 

Fasteners laid out in a pattern, such as 
cylinder head bolts, oi! pan bolts, differential 
cover bolts, etc., must be loosened or tight- 
ened in sequence to avoid warping the com- 
ponent. This sequence will normally be shown 
in the appropriate Chapter. If a specific pat- 
tern is not given, the following procedures can 
be used to prevent warping. 

Initially, the bolts or nuts should be 
assembled finger-tight only. Next, they should 
be tightened one full turn each, in a criss- 
cross or diagonal pattern. After each one has 
been tightened one full turn, return to the first 
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Micrometer set 


one and tighten them all one-half turn, follow- 
ing the same pattern. Finally, tighten each of 
them one-quarter turn at a time until each fas- 
tener has been tightened to the proper torque. 
To loosen and remove the fasteners, the pro- 
cedure would be reversed. 


Component disassembly 

Component disassembly should be done 
with care and purpose to help ensure that 
the parts go back together properly. Always 
keep track of the sequence in which parts 
are removed. Make note of special character- 
istics or marks on parts that can be installed 
more than one way, such as a grooved thrust 
washer on a shaft. It is a good idea to lay the 
disassembled parts out on a clean surface in 
the order that they were removed. It may also 
be helpful to make sketches or take instant 
photos of components before removal. 

When removing fasteners from a compo- 
nent, keep track of their locations. Sometimes 
threading a bolt back in a part, or putting the 
washers and nut back on a stud, can pre- 
vent mix-ups later. If nuts and bolts cannot be 
returned to their original locations, they should 
be kept in a compartmented box or a series of 
small boxes. A cupcake or muffin tin is ideal 
for this purpose, since each cavity can hold 
the bolts and nuts from a particular area (i.e. 
oil pan bolts, valve cover bolts, engine mount 
bolts, etc.). A pan of this type is especially 
helpful when working on assemblies with very 
small parts, such as the carburetor, alternator, 
valve train or interior dash and trim pieces. 
The cavities can be marked with paint or tape 
to identify the contents. 

Whenever wiring looms, harnesses or 
connectors are separated, it is a good idea to 
identify the two halves with numbered pieces 
of masking tape so they can be easily recon- 
nected. 


Gasket sealing surfaces 

Throughout any vehicle, gaskets are 
used to seal the mating surfaces between two 
parts and keep lubricants, fluids, vacuum or 
pressure contained in an assembly. 

Many times these gaskets are coated 
with a liquid or paste-type gasket sealing 


compound before assembly. Age, heat and 
pressure can sometimes cause the two parts 
to stick together so tightly that they are very 
difficult to separate. Often, the assembly can 
be loosened by striking it with a soft-face 
hammer near the mating surfaces. A regular 
hammer can be used if a block of wood is 
placed between the hammer and the part. Do 
not hammer on cast parts or parts that could 
be easily damaged. With any particularly stub- 
born part, always recheck to make sure that 
every fastener has been removed. 

Avoid using a screwdriver or bar to pry 
apart an assembly, as they can easily mar the 
gasket sealing surfaces of the parts, which 
must remain smooth. If prying is absolutely 
necessary, use an old broom handle, but keep 
in mind that extra clean up will be necessary if 
the wood splinters. 

After the parts are separated, the old 
gasket must be carefully scraped off and the 
gasket surfaces cleaned. Stubborn gasket 
material can be soaked with rust penetrant 
or treated with a special chemical to soften it 
So it can be easily scraped off. A scraper can 
be fashioned from a piece of copper tubing by 
flattening and sharpening one end. Copper is 
recommended because it is usually softer than 
the surfaces to be scraped, which reduces the 
chance of gouging the part. Some gaskets can 
be removed with a wire brush, but regardless 
of the method used, the mating surfaces must 
be left clean and smooth. If for some reason 
the gasket surface is gouged, then a gasket 
sealer thick enough to fill scratches will have 
to be used during reassembly of the compo- 
nents. For most applications, a non-drying (or 
semi-drying) gasket sealer should be used. 


Hose removal tips 


Warning: /f the vehicle ís equipped with air 
conditioning, do not disconnect any of the A/C 
hoses without first having the system depres- 
surized by a dealer service department or a 
service station. 


Hose removal precautions closely par- 
allel gasket removal precautions. Avoid 
scratching or gouging the surface that the 
hose mates against or the connection may 
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Dial indicator set 


leak. This is especially true for radiator hoses. 
Because of various chemical reactions, the 
rubber in hoses can bond itself to the metal 
spigot that the hose fits over. To remove 
a hose, first loosen the hose clamps that 
secure it to the spigot. Then, with slip-joint pli- 
ers, grab the hose at the clamp and rotate it 
around the spigot. Work it back and forth until 
it is completely free, then pull it off. Silicone 
or other lubricants will ease removal if they 
can be applied between the hose and the out- 
side of the spigot. Apply the same lubricant to 
the inside of the hose and the outside of the 
spigot to simplify installation. 

As a last resort (and if the hose is to be 
replaced with a new one anyway), the rubber 
can be slit with a knife and the hose peeled 
from the spigot. If this must be done, be care- 
ful that the metal connection is not damaged. 

If a hose clamp is broken or damaged, do 
not reuse it. Wire-type clamps usually weaken 
with age, so it is a good idea to replace them 
with screw-type clamps whenever a hose is 
removed. 


Tools 

A selection of good tools is a basic 
requirement for anyone who plans to main- 
tain and repair his or her own vehicle. For the 
owner who has few tools, the initial invest- 
ment might seem high, but when compared to 
the spiraling costs of professional auto main- 
tenance and repair, it is a wise one. 

To help the owner decide which tools are 
needed to perform the tasks detailed in this 
manual, the following tool lists are offered: 
Maintenance and minor repair, Repair/over- 
haul and Special. 

The newcomer to practical mechanics 
should start off with the maintenance and 
minor repair tool kit, which is adequate for the 
simpler jobs performed on a vehicle. Then, as 
confidence and experience grow, the owner 
can tackle more difficult tasks, buying addi- 
tional tools as they are needed. Eventually the 
basic kit will be expanded into the repair and 
overhaul tool set. Over a period of time, the 
experienced do-it-yourselfer will assemble a 
tool set complete enough for most repair and 
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Dial caliper Hand-operated vacuum pump 


Compression gauge with spark plug 
hole adapter 


Hydraulic lifter removal tool Valve spring compressor Valve spring compressor 


Ridge reamer . Piston ring groove cleaning tool Ring removal/installation tool 


Ring compressor 


Torque angle gauge 


overhaul procedures and will add tools from 
the special category when it is felt that the 
expense is justified by the frequency of use. 


Maintenance and minor repair tool 
kit 

The tools in this list should be consid- 
ered the minimum required for performance 
of routine maintenance, servicing and minor 
repair work. We recommend the purchase of 
combination wrenches (box-end and open- 
end combined in one wrench). While more 
expensive than open end wrenches, they offer 
the advantages of both types of wrench. 


Combination wrench set (1/4-inch to 
1 inch or 6 mm to 19 mm) 
Adjustable wrench, 8 inch 
Spark plug wrench with rubber insert 
Spark plug gap adjusting tool 
Feeler gauge set 
Brake bleeder wrench 
Standard screwdriver (5/16-inch x 
6 inch) 
Phillips screwdriver (No. 2 x 6 inch) 
Combination pliers - 6 inch 
Hacksaw and assortment of blades 
Tire pressure gauge 
Grease gun 
Ой can 
Fine emery cloth 
Wire brush 
Battery post and cable cleaning tool 
Oil filter wrench 
Funnel (medium size) 
Safety goggles 
Jackstands (2) 
Drain pan 


Clutch plate alignment tool 


Note: /f basic tune-ups are going to be part 
of routine maintenance, it will be necessary 
to purchase a good quality stroboscopic tim- 
ing light and combination tachometer/dwell 
meter. Although they are included in the list 
of special tools, it is mentioned here because 
they are absolutely necessary for tuning most 
vehicles properly. 


Repair and overhaul tool set 

These tools are essential for anyone who 
plans to perform major repairs and are in addi- 
tion to those in the maintenance and minor 
repair tool kit. Included is a comprehensive 
set of sockets which, though expensive, are 
invaluable because of their versatility, espe- 
cially when various extensions and drives are 
available. We recommend the 1/2-inch drive 
over the 3/8-inch drive. Although the larger 
drive is bulky and more expensive, it has the 
capacity of accepting a very wide range of 
large sockets. Ideally, however, the mechanic 
should have a 3/8-inch drive set and a 1/2- 
inch drive set. 

Socket set(s) 

Reversible ratchet 

Extension - 10 inch 

Universal joint 

Torque wrench (same size drive as 

sockets) 

Ball peen hammer - 8 ounce 

Soft-face hammer (plastic/rubber) 

Standard screwdriver (1/4-inch x 6 inch) 

Standard screwdriver (stubby - 

5/16-inch) 
Phillips screwdriver (No. 3 x 8 inch) 
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Brake hold-down spring tool 


Tap and die set 


Phillips screwdriver (stubby - No. 2) 

Pliers - vise grip 

Pliers - lineman's 

Pliers - needle nose 

Pliers - snap-ring (internal and external) 

Cold chisel - 1/2-inch 

Scribe 

Scraper (made from flattened copper 

tubing) 

Centerpunch 

Pin punches (1/16, 1/8, 3/16-inch) 

Steel rule/straightedge - 12 inch 

Allen wrench set (1/8 to 3/8-inch or 

4 mm to 10 mm) 

A selection of files 

Wire brush (large) 

Jackstands (second set) 

Jack (scissor or hydraulic type) 
Note: Another tool which is often useful is an 
electric drill with a chuck capacity of 3/8-inch 
and a set of good quality drill bits. 


Special tools 


The tools in this list include those which 
are not used regularly, are expensive to buy, 
or which need to be used in accordance with 
their manufacturer's instructions. Unless these 
tools will be used frequently, it is not very eco- 
nomical to purchase many of them. A con- 
sideration would be to split the cost and use 
between yourself and a friend or friends. In 
addition, most of these tools can be obtained 
from a tool rental shop on a temporary basis. 

This list primarily contains only those 
tools and instruments widely available to the 
public, and not those special tools produced 
by the vehicle manufacturer for distribution 
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to dealer service departments. Occasionally, 
references to the manufacturer's special tools 
are included in the text of this manual. Gen- 
erally, an alternative method of doing the job 
without the special tool is offered. However, 
sometimes there is no alternative to their use. 
Where this is the case, and the tool cannot be 
purchased or borrowed, the work should be 
turned over to the dealer service department 
or an automotive repair shop. 


Valve spring compressor 

Piston ring groove cleaning tool 

Piston ring compressor 

Piston ring installation tool 

Cylinder compression gauge 

Cylinder ridge reamer 

Cylinder surfacing hone 

Cylinder bore gauge 

Micrometers and/or dial calipers 

Hydraulic lifter removal tool 

Balljoint separator 

Universal-type puller 

Impact screwdriver 

Dial indicator set 

Stroboscopic timing light (inductive 
pick-up) 

Hand operated vacuum/pressure pump 

Tachometer/dwell meter 

Universal electrical multimeter 

Cable hoist 

Brake spring removal and installation 
tools 

Floor jack 


Buying tools 

For the do-it-yourselfer who is just start- 
ing to get involved in vehicle maintenance and 
repair, there are a number of options available 
when purchasing tools. If maintenance and 
minor repair is the extent of the work to be 
done, the purchase of individual tools із satis- 
factory. If, on the other hand, extensive work is 
planned, it would be a good idea to purchase 
a modest tool set from one of the large retail 
chain stores. A set can usually be bought at 
a substantial savings over the individual tool 
prices, and they often come with a tool box. 
As additional tools are needed, add-on sets, 
individual tools and a larger tool box can be 
purchased to expand the tool selection. Build- 
ing a tool set gradually allows the cost of the 
tools to be spread over a longer period of 
time and gives the mechanic the freedom to 
choose only those tools that will actually be 
used. 

Tool stores will often be the only source 
of some of the special tools that are needed, 
but regardless of where tools are bought, try 
to avoid cheap ones, especially when buying 
screwdrivers and sockets, because they won't 
last very long. The expense involved in replac- 


ing cheap.tools will eventually be greater than 
the initial cost of quality tools. 


Care and maintenance of tools 

Good tools are expensive, so it makes 
sense to treat them with respect. Keep them 
clean and in usable condition and store them 
properly when not in use. Always wipe off any 
dirt, grease or metal chips before putting them 
away. Never leave tools lying around in the 
work area. Upon completion of a job, always 
check closely under the hood for tools that 
may have been left there so they won't get 
lost during a test drive. 

Some tools, such as screwdrivers, pli- 
ers, wrenches and sockets, can be hung on 
a panel mounted on the garage or workshop 
wall, while others should be kept in a tool 
box or tray. Measuring instruments, gauges, 
meters, etc. must be carefully stored where 
they cannot be damaged by weather or impact 
from other tools. 

When tools are used with care and 
stored properly, they will last a very long time. 
Even with the best of care, though, tools will 
wear out if used frequently. When a tool is 
damaged or worn out, replace it. Subsequent 
jobs will be safer and more enjoyable if you 
do. 


How to repair damaged 


threads 

Sometimes, the internal threads of a nut 
or bolt hole can become stripped, usually from 
overtightening. Stripping threads is an all-too- 
common occurrence, especially when work- 
ing with aluminum parts, because aluminum 
is So soft that it easily strips out. 

Usually, external or internal threads are 
only partially stripped. After they've been 
cleaned up with a tap or die, they'll still work. 
Sometimes, however, threads are badly dam- 
aged. When this happens, you've got three 
choices: 


1) Drill and tap the hole to the next suitable 
oversize and install a larger diameter 
bolt, screw or stud. 

2) Drill and tap the hole to accept a 
threaded plug, then drill and tap the plug 
to the original screw size. You can also 
buy a plug already threaded to the origi- 
nal size. Then you simply drill a hole to 
the specified size, then run the threaded 
plug into the hole with a bolt and jam nut. 
Once the plug is fully seated, remove the 
jam nut and bolt. 

3) The third method uses a patented thread 
repair kit like Heli-Coil or Slimsert. These 
easy-to-use kits are designed to repair 
damaged threads in straight-through 


holes and blind holes. Both аге avail- 
able as kits which can handle a variety of 
sizes and thread patterns. Drill the hole, 
then tap it with the special included tap. 
Install the Heli-Coil and the hole is back 
to its original diameter and thread pitch. 


Regardless of which method you use, 
be sure to proceed calmly and carefully. A 
little impatience or carelessness during one 
of these relatively simple procedures can ruin 
your whole day’s work and cost you a bundle 
if you wreck an expensive part. 


Working facilities 

Not to be overlooked when discussing 
tools is the workshop. If anything more than 
routine maintenance is to be carried out, 
some sort of suitable work area is essential. 

It is understood, and appreciated, that 
many home mechanics do not have a good 
workshop or garage available, and end up 
removing an engine or doing major repairs 
outside. It is recommended, however, that the 
overhaul or repair be completed under the 
cover of a roof. 

A clean, flat workbench or table of com- 
fortable working height is an absolute neces- 
sity. The workbench should be equipped with 
a vise that has a jaw opening of at least four 
inches. 

As mentioned previously, some clean, 
dry storage space is also required for tools, 
as well as the lubricants, fluids, cleaning sol- 
vents, etc. which soon become necessary. 

Sometimes waste oil and fluids, drained 
from the engine or cooling system during 
normal maintenance or repairs, present a 
disposal problem. To avoid pouring them on 
the ground or into a sewage system, pour the 
used fluids into large containers, seal them 
with caps and take them to an authorized 
disposal site or recycling center. Plastic jugs, 
such as old antifreeze containers, are ideal 
for this purpose. 

Always keep a supply of old newspa- 
pers and clean rags available. Old towels 
are excellent for mopping up spills. Many 
mechanics use rolls of paper towels for most 
work because they are readily available and 
disposable. To help keep the area under the 
vehicle clean, a large cardboard box can be 
cut open and flattened to protect the garage 
or shop floor. 

Whenever working over a painted sur- 
face, such as when leaning over a fender to 
service something under the hood, always 
cover it with an old blanket or bedspread to 
protect the finish. Vinyl covered pads, made 
especially for this purpose, are available at 
auto parts stores. 
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Jacking and towing 


Jacking 

Warning: The jack supplied with the vehicle 
should only be used for changing a tire or 
placing jackstands under the frame. Never 
work under the vehicle or start the engine 
while this jack is being used as the only 
means of support. 

The vehicle should be located on level 
ground. Place the shift lever in Park. Block 
the wheel diagonally opposite the wheel being 
changed. Set the parking brake. 

Remove the spare tire and jack from 
stowage. Remove the wheel cover (if 
equipped) with the tapered end of the lug nut 
wrench by inserting and twisting the handle 
and then prying against the back of the wheel 
cover. Loosen, but do not remove, the lug 
nuts (one-half turn is sufficient). 

Place the jack under the axle nearest the 
wheel being changed. There is a right and left 
jacking point on each axle (see illustration). 

_ Turn the jack handle clockwise until the 
tire clears the ground. Remove the lug nuts 
and pull the wheel off. Replace it with the 


spare. 


Install the lug nuts with the beveled 
edges facing in. Tighten them snugly. Don't 
attempt to tighten them completely until the 
vehicle is lowered or it could slip off the jack. 
Lower the vehicle. Remove the jack and 
tighten the lug nuts in a criss-cross pattern 
(see illustration). 

Install the wheel cover and be sure it’s 
snapped into place all the way around. 

Stow the tire, jack and wrench. Unblock 
the wheels. 


Towing 

As a general rule, the vehicle should be 
towed with the rear wheels off the ground. If 
they can't be raised, either place them оп а 
dolly or disconnect the driveshaft from the 
differential. When a vehicle is towed with the 
rear wheels raised, the steering wheel must 
be clamped in the straight ahead position 
with a special device designed for use during 
towing The ignition key must be in the OFF 
position, since the steering lock mechanism 
isn't strong enough to hold the front wheels 
straight while towing. 


Vehicles equipped with an automatic 
transmission can be towed from the front only 
with all four wheels on the ground, provided 
that speeds don't exceed 35 mph and the 
distance is not over 50 miles. Before towing, 
check the transmission fluid level (see Chap- 
ter 1). If the level is below the HOT line on 
the dipstick, add fluid or use a towing dolly. 
Release the parking brake, put the transmis- 
sion in Neutral and place the ignition key in 
the OFF position. There's no distance limita- 
tion when towing with either the rear wheels 
off the ground or the driveshaft disconnected, 
but don't exceed 50 mph. 

Equipment specifically designed for tow- 
ing should be used. It should be attached to 
the main structural members of the vehicle, 
not the bumpers or brackets. 

Safety is a major consideration when 
towing and all applicable state and local laws 
must be obeyed. A safety chain system must 
be used at all times. Remember that power 
steering and power brakes will not work with 
the engine off. 
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Automotive chemicals and lubricants 


A number of automotive chemicals and 
lubricants are available for use during vehicle 
maintenance and repair. They include a wide 
variety of products ranging from cleaning sol- 
vents and degreasers to lubricants and pro- 
tective sprays for rubber, plastic and vinyl. 


Cleaners 

Carburetor cleaner and choke cleaner 
is a strong solvent for gum, varnish and car- 
bon. Most carburetor cleaners leave a dry-type 
lubricant film which will not harden or gum up. 
Because of this film it is not recommended for 
use on electrical components. 

Brake system cleaner is used to 
remove brake dust, grease and brake fluid 
from the brake system, where clean surfaces 
are absolutely necessary. It leaves no residue 
and often eliminates brake squeal caused by 
contaminants. 

Electrical cleaner removes oxidation, 
corrosion and carbon deposits from electrical 
contacts, restoring full current flow. It can also 
be used to clean spark plugs, carburetor jets, 
voltage regulators and other parts where an 
oil-free surface is desired. 

Demoisturants remove water and mois- 
ture from electrical components such as aiter- 
nators, voltage regulators, electrical connec- 
tors and fuse blocks. They are non-conductive 
and non-corrosive. 

Degreasers are heavy-duty solvents 
used to remove grease from the outside of the 
engine and from chassis components. They 
can be sprayed or brushed on and, depending 
on the type, are rinsed off either with water or 
solvent. 


Lubricants 

Motor oil is the lubricant formulated for 
use in engines. It normally contains a wide 
variety of additives to prevent corrosion and 
reduce foaming and wear. Motor oil comes in 
various weights (viscosity ratings) from 0 to 50. 
The recommended weight of the oil depends 
on the season, temperature and the demands 
on the engine. Light oil is used in cold climates 
and under light load conditions. Heavy oil is 
used in hot climates and where high loads are 
encountered. Multi-viscosity oils are designed 
to have characteristics of both light and heavy 
oils and are available in a number of weights 
from 0W-20 to 20W-50. 

Gear oil is designed to be used in dif- 
ferentials, manual transmissions and other 
areas where high-temperature lubrication is 
required. 

Chassis and wheel bearing grease is 
a heavy grease used where increased loads 
and friction are encountered, such as for 
wheel bearings, balljoints, tie-rod ends and 
universal joints. 

High-temperature wheel bearing 
grease is designed to withstand the extreme 


temperatures encountered by wheel bearings 
in disc brake equipped vehicles. It usually 
contains molybdenum disulfide (moly), which 
is a dry-type lubricant. 

White grease is a heavy grease for 
metal-to-metal applications where water is a 
problem. White grease stays soft under both 
low and high temperatures (usually from -100 
to +190-degrees F), and will not wash off or 
dilute in the presence of water. 

Assembly lube is a special extreme 
pressure lubricant, usually containing moly, 
used to lubricate high-load parts (such as 
main and rod bearings and cam lobes) for 
initial start-up of a new engine. The assem- 
bly lube lubricates the parts without being 
squeezed out or washed away until the engine 
oiling system begins to function. 

Silicone lubricants are used to protect 
rubber, plastic, vinyl and nylon parts. 

Graphite lubricants are used where oils 
cannot be used due to contamination prob- 
lems, such as in locks. The dry graphite will 
lubricate metal parts while remaining uncon- 
taminated by dirt, water, oil or acids. It is elec- 
trically conductive and will not foul electrical 
contacts in locks such as the ignition switch. 

Moly penetrants loosen and lubricate 
frozen, rusted and corroded fasteners and 
prevent future rusting or freezing. 

Heat-sink grease is a special electri- 
cally non-conductive grease that is used for 
mounting electronic ignition modules where it 
is essential that heat is transferred away from 
the module. 


Sealants 

RTV sealant is one of the most widely 
used gasket compounds. Made from silicone, 
RTV is air curing, it seals, bonds, waterproofs, 
fills surface irregularities, remains flexible, 
doesn't shrink, is relatively easy to remove, 
and is used as a supplementary sealer with 
almost all low and medium temperature gas- 
kets. 

Anaerobic sealant is much like RTV in 
that it can be used either to seal gaskets or 
to form gaskets by itself. It remains flexible, 
is solvent resistant and fills surface imperfec- 
tions. The difference between an anaerobic 
sealant and an RTV-type sealant is in the cur- 
ing. RTV cures when exposed to air, while an 
anaerobic sealant cures only in the absence 
of air. This means that an anaerobic sealant 
cures only after the assembly of parts, sealing 
them together. 

Thread and pipe sealant is used for 
sealing hydraulic and pneumatic fittings and 
vacuum lines. It is usually made from a Teflon 
compound, and comes in a spray, a paint-on 
liquid and as a wrap-around tape. 


Chemicals 
Anti-seize compound prevents seiz- 
ing, galling, cold welding, rust and corrosion 


in fasteners. High-temperature ant-seize, usu- 
ally made with copper and graphite lubricants, 
is used for exhaust system and exhaust mani- 
fold bolts. 

Anaerobic locking compounds are 
used to keep fasteners from vibrating or work- 
ing loose and cure only after installation, in 
the absence of air. Medium strength locking 
compound is used for small nuts, bolts and 
screws that may be removed later. High- 
strength locking compound is for large nuts, 
bolts and studs which aren't removed on a 
regular basis. 

Oil additives range from viscosity 
index improvers to chemical treatments that 
claim to reduce internal engine friction. 
It should be noted that most oil manufactur- 
ers caution against using additives with their 
oils. 

Gas additives perform several func- 
tions, depending on their chemical makeup. 
They usually contain solvents that help dis- 
solve gum and varnish that build up on car- 
buretor, fuel injection and intake parts. They 
also serve to break down carbon deposits that 
form on the inside surfaces of the combus- 
tion chambers. Some additives contain upper 
cylinder lubricants for valves and piston rings, 
and others contain chemicals to remove con- 
densation from the gas tank. 


Miscellaneous 

Brake fluid is specially formulated 
hydraulic fluid that can withstand the heat 
and pressure encountered in brake systems. 
Care must be taken so this fluid does not 
come in contact with painted surfaces or plas- 
tics. An opened container should always be 
resealed to prevent contamination by water 
or dirt. 

Weatherstrip adhesive is used to bond 
weatherstripping around doors, windows and 
trunk lids. It is sometimes used to attach trim 
pieces. 

Undercoating is a petroleum-based, 
tar-like substance that is designed to protect 
metal surfaces on the underside of the vehicle 
from corrosion. It also acts as a sound-dead- 
ening agent by insulating the bottom of the 
vehicle. 

Waxes and polishes are used to help 
protect painted and plated surfaces from the 
weather. Different types of paint may require 
the use of different types of wax and polish. 
Some polishes utilize a chemical or abrasive 
cleaner to help remove the top layer of oxi- 
dized (dull) paint on older vehicles. In recent 
years many non-wax polishes that contain a 
wide variety of chemicals such as polymers 
and silicones have been introduced. These 
non-wax polishes are usually easier to apply 
and last longer than conventional waxes and 
polishes. 
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Conversion factors 


Length (distance) 


= 0394 =Inches (іп) 
Inches (іп) Х 25.4 =Millimeters (тт) X 0. 
Feet (ft) X 0.305 =Meters (m) X 3281 = Feet (ft) 
Miles X 1.609 = Kilometers (km) X 0.621 =Miles 
Volume (capacity) ; m 
Cubic inches 5% іп; іп?) X 16.387 = Cubic centimeters (cc; cm") X 0.061 = Cubic inches (си іп; іп”) 
Imperial pints (Imp pt) X 0.568 = Liters (I) x 1.76 = Imperial pints (Imp pt) 
Imperial quarts (Imp qt) X 1.137 = Liters (I) X 0.88 = Imperial quarts (Imp qt) 
Imperial quarts (Imp at) X 1.201 =US quarts (US qt) X 0.833  -Imperia! quarts (imp qt) 
US quarts (US qt) X 0.946 = Liters (1) X 1057 =US quarts (US qt) 
Imperial gallons (Imp gal) X 4.546 = Liters (1) X 0.22 = imperial gallons (Imp gal) 
Imperial gallons (Imp gal) X 1.201 =US gallons (US gal) X 0.833  -Imperial gallons (Imp gal) 
US gallons (US gal) X 3.785 = Liters (I) X 0.264 =US gallons (US gal) 
Mass (weight) 
Ounces (oz) X 28.35 = Grams (9) X 0.035 -(Оуипсев (oz) 
Pounds (16) X 0.454 = Kilograms (kg) X 2.205 = Pounds (Ib) 
Force 
Ounces-force (ozf; oz) X 0.278 =Newtons (М) X 3.6 = Ounces-force (ozf; oz) 
Pounds-force (Ibf; Ib) X 4.448 = Newtons (М) X 0.225  -Pounds-force (lbf; Ib) 
Newtons (N) X 01 =Kilograms-force (kgf; kg) Ж 9.81 = Newtons (М) 
Pressure | 
Pounds-force per square inch X 0.070 =Kilograms-force per square X 14.223 = Pounds-force per square inch 
(psi; Ibf/in?; Ib/in?) l centimeter (kgf/cm?; kg/cm?) (psi; Ibf/in?; Ib/in?) 
Pounds-force per square inch X 0.068 = Atmospheres (atm) X 14.696 -Pounds-force per square inch 
(psi; Ibf/in^; Ib/in?) - | . (psi; Ibf/in^; Ib/in?) 
Pounds-force per square inch X 0.069 = Bars X 14.5 — Pounds-force per square inch 
(psi; Ibf/in?; Ib/in?) (psi; Ibf/in*; Ib/in?) 
Pounds-force per square inch X 6.895 =Kilopascals (kPa) X 0.145 = Pounds-force per square inch 
(psi; Ibf/In?; Ib/in?) (psi; Ibf/in?; Ib/in?) 
Kilopascals (kPa) X 0.01 =Kilograms-force per square X 98.1 = Kilopascals (kPa) 
centimeter (kgf/cm?; kg/cm?) 
Torque (moment of force) 
Pounds-force inches X 1.152 =Kilograms-force centimeter X 0.868 = Pounds-force inches 
(lbf in; 16 in) (kgf cm; kg cm) (Ibf in; Ib in) 
Pounds-force inches X 0.113 = Newton meters (Nm) X 8.85 — Pounds-force inches 
(Ibf in; Ib in) P (lbf in; 16 in) 
Pounds-force inches X 0.083 = Pounds-force feet (Ibf ft; Ib ft) X 12 — Pounds-force inches 
(Ibf in; Ib in) (Ibf in; Ib іп) 
Pounds-force feet (Ibf ft; Ib ft) Х 0.138 = Kilograms-force meters X 7.233 = Pounds-force feet (Ibf ft; Ib ft) 
(kgf m; kg m) 
Pounds-force feet (Ibf ft; Ib ft} Х 1.356 = Newton meters (Nm) X 0.738  -Pounds-force feet (Ibf ft; Ib ft) 
Newton meters (Nm) X 0.102 = Kilograms-force meters X 9.804 =Newton meters (Nm) 
(kgf m; kg m) 
Vacuum 
Inches mercury (in. Hg) X 3.377 = Kilopascals (kPa) X 0.2961 = Inches mercury 
Inches mercury (in. Hg) X 25.4 = Міітеїегѕ mercury (mm Hg) X 0.0394 -іпсһев mercury 
Power 
Horsepower (hp) X 745.7 - Watts (W) X 0.0013 = Horsepower (hp) 
Velocity (speed) 
Miles per hour (miles/hr; mph) X 1.609 = Kilometers per hour (km/hr: kph) X 0.621 = Miles per hour (miles/hr; mph) 
Fuel consumption* 
Ms per gam Imperial (mpg) X 0.354 = Kilometers per liter (km/l) X 2.825 = Miles per gallon, Imperial (mpg) 
ites per gallon, US (mpg) X 0.425 = Kilometers per liter (km/i) X 2.352 = Miles per даһоп, US (mpg) 


Temperature 
Degrees Fahrenheit = (°C x 1.8) + 32 Degrees Celsius (Degrees Centigrade; °C) = (°F - 32) x 0.56 


*/t is common practice to convert from miles per gallon (mpg) to liters/100 kilometers (1/1 ООКт), 
where mpg (Imperial) x /100 km = 282 апа mpg (US) x 1/100 km = 235 


DECIMALS to MILLIMETERS 


Decimal 


0.0254 
0.0508 
0.0762 
0.1016 
0.1270 
0.1524 
0.1778 
0.2032 
0.2286 


0.2540 
0.5080 
0.7620 
1.0160 
1.2700 
1.5240 
1.7780 
2.0320 
2.2860 


2.5400 
2.7940 
3.0480 
3.3020 
3.5560 
3.8100 
4.0640 
4.3180 
4.5720 
4.8260 


5.0800 
5.3340 
5.5880 
5.8420 
6.0960 
6.3500 
6.6040 
6.8580 
7.1120 
7.3660 


7.6200 
7.8740 
8.1280 
8.3820 
8.6360 
8.8900 
9.1440 
9.3980 
9.6520 
9.9060 


10.1600 
10.4140 
10.6680 
10.9220 
11.1760 
11.4300 
11.6840 
11.9380 
12.1920 
12.4460 


Decimal 


12.7000 
12.9540 
13.2080 
13.4620 
13.7160 
13.9700 
14.2240 
14.4780 
14.7320 
14.9860 


15.2400 
15.4940 
15.7480 
16.0020 
16.2560 
16.5100 
16.7640 
17.0180 
17.2720 
17.5260 


17.7800 
18.0340 
18.2880 
18.5420 
18.7960 
19.0500 
19.3040 
19.5580 
19.8120 
20.0660 


20.3200 
20.5740 
21.8280 
21.0820 
21.3360 
21.5900 
21.8440 
22.0980 
22.3520 
22.6060 


22.8600 
23.1140 
23.3680 
23.6220 
23.8760 
24.1300 
24.3840 
24.6380 
24.8920 
25.1460 
25.4000 
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FRACTIONS to DECIMALS to MILLIMETERS 


Fraction 


1/64 
1/32 
3/64 


1/16 


5/64 
3/32 
7/64 


1/8 


9/64 
5/32 
11/64 


3/16 


13/64 
7/32 
15/64 


1/4 


17/64 
9/32 
19/64 


5/16 


21/64 
11/32 
23/64 


3/8 


25/64 
13/32 
27/64 


7/16 


29/64 
15/32 
31/64 


1/2 


Decimal 
0.0156 
0.0312 
0.0469 


0.0625 


0.0781 
0.0938 
0.1094 


0.1250 


0.1406 
0.1562 
0.1719 


0.1875 


0.2031 
0.2188 
0.2344 


0.2500 


0.2656 
0.2812 
0.2969 


0.3125 


0.3281 
0.3438 
0.3594 


0.3969 
0.7938 
1.1906 


1.5875 


1.9844 
2.3812 
2.7781 


3.1750 


3.2719 
3.9688 
4.3656 


4.7625 


5.1594 
5.5562 
5.9531 


6.3500 


6.7469 
7.1438 
7.5406 


1,9375 


8.3344 
8.7312 
9.1281 


9.5250 


9.9219 
10.3188 
10.7156 


11.1125 


11.5094 
11.9062 
12.3031 


12.7000 


Fraction 
33/64 


17/32 
35/64 


9/16 


37/64 
19/32 
39/64 


5/8 


41/64 
21/32 
43/64 


11/16 


45/64 
23/32 
47/64 


3/4 


49/64 
25/32 
51/64 


13/16 


53/64 
27/32 
55/64 


Оесїта! 


0.5156 
0.5312 
0.5469 


0.5625 


0.5781 
0.5938 
0.6094 


0.6250 


0.6406 
0.6562 
0.6719 


0.6875 


0.7031 
0.7188 
0.7344 


0.7500 


0.7656 
0.7812 
0.7969 


0.8125 


0.8281 
0.8438 
0.8594 


0.8750 


0.8906 
0.9062 
0.9219 


0.9375 


0.9531 
0.9688 
0.9844 


1.0000 


mm 
13.0969 


13.4938 
13.8906 


14.2875 


14.6844 
15.0812 
15.4781 


15.8750 


16.2719 
16.6688 
17.0656 


17.4625 


17.8594 
18.2562 
18.6531 


19.0500 


19.4469 
19.8438 
20.2406 


20.6375 


21.0344 
21.4312 
21.8281 


22.2250 


22.6219 
23.0188 
23.4156 


23.8125 


24.2094 
24.6062 
25.0031 


25.4000 
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Safety first! 


Regardless of how enthusiastic you 
may be about getting on with the job at hand, 
take the time to ensure that your safety is not 
jeopardized. A moment's lack of attention can 
result in an accident, as can failure to observe 
certain simple safety precautions. The possi- 
bility of an accident will always exist, and the 
following points should not be considered a 
comprehensive list of all dangers. Rather, they 
are intended to make you aware of the risks 
and to encourage a safety conscious approach 
to all work you carry out on your vehicle. 


Essential DOs and DON'Ts 


DON'T rely оп a jack when working under the 
vehicle. Always use approved jackstands to 
support the weight of the vehicle and place 
them under the recommended lift or support 
points. 

DON'T attempt to loosen extremely tight fas- 
teners (i.e. wheel lug nuts) while the vehicle is 
on а jack - it may fall. 

DON'T start the engine without first making 
sure that the transmission is in Neutral (or Park 
where applicable) and the parking brake is set. 
DON'T remove the radiator cap from a 
hot cooling system - let it cool or cover it 
with a cloth and release the pressure gradually. 
DON'T attempt to drain the engine oil until 
you are sure it has cooled to the point that it 
will not burn you. 

DON'T touch any part of the engine or ex- 
haust system until it has cooled sufficiently to 
avoid burns. 

DON'T siphon toxic liquids such as gasoline, 
antifreeze and brake fluid by mouth, or allow 
them to remain on your skin. 

DON'T inhale brake lining dust - it is poten- 
tially hazardous (see Asbestos below). 
DON'T allow spilled oil or grease to remain on 
the floor - wipe it up before someone slips on it. 
DON'T use loose fitting wrenches or other 
tools which may slip and cause injury. 

DON’T push on wrenches when loosening or 
tightening nuts or bolts. Always try to pull the 
wrench toward you. If the situation calls for 
pushing the wrench away, push with an open 
hand to avoid scraped knuckles if the wrench 
should slip. 

DON’T attempt to lift a heavy component 
alone - get someone to help you. 

DON’T rush or take unsafe shortcuts to finish 
a job. 

DON’T allow children or animals in or around 
the vehicle while you are working on it. 

DO wear eye protection when using power 
tools such as a drill, sander, bench grinder, 
etc. and when working under a vehicle. 

DO keep loose clothing and long hair well out 
of the way of moving parts. 

DO make sure that any hoist used has a safe 
working load rating adequate for the job. 

DO get someone to check on you periodically 
when working alone on a vehicle. 


DO carry out work in a logical sequence and 
make sure that everything is correctly assem- 
bled and tightened. 

DO keep chemicals and fluids tightly capped 
and out of the reach of children and pets. 

DO remember that your vehicle's safety 
affects that of yourself and others. If in doubt 
on any point, get professional advice. 


Steering, suspension and brakes 

These systems are essential to driv- 
ing safety, so make sure you have a quali- 
fied shop or individual check your work. Also, 
compressed suspension springs can cause 
injury if released suddenly - be sure to use a 
spring compressor. 


Airbags 

Airbags are explosive devices that can 
CAUSE injury if they deploy while you're work- 
ing on the vehicle. Follow the manufacturer's 
instructions to disable the airbag whenever 
you're working in the vicinity of airbag compo- 
nents. 


Asbestos 

Certain friction, insulating, sealing, and 
other products - such as brake linings, brake 
bands, clutch linings, torque converters, gas- 
kets, etc. - may contain asbestos or other haz- 
ardous friction material. Extreme care must 
be taken to avoid inhalation of dust from such 
products, since it is hazardous to health. If in 
doubt, assume that they do contain asbestos. 


Fire 

Remember at all times that gasoline is 
highly flammable. Never smoke or have any 
kind of open flame around when working on 
a vehicle. But the risk does not end there. A 
spark caused by an electrical short circuit, by 
two metal surfaces contacting each other, or 
even by static electricity built up in your body 
under certain conditions, can ignite gasoline 
vapors, which in a confined space are highly 
explosive. Do not, under any circumstances, 
use gasoline for cleaning parts. Use an 
approved safety solvent. 

Always disconnect the battery ground (-) 
cable at the battery before working on any part 
of the fuel system or electrical system. Never 
risk spilling fuel on a hot engine or exhaust 
component. It is strongly recommended that 
a fire extinguisher suitable for use on fuel and 
electrical fires be kept handy in the garage or 
workshop at all times. Never try to extinguish 
a fuel or electrical fire with water. 


Fumes 


Certain fumes are highly toxic and can 
quickly cause unconsciousness and even 
death if inhaled to any extent. Gasoline vapor 
falls into this category, as do the vapors from 
some cleaning solvents. Any draining or pour- 
ing of such volatile fluids should be done in a 
well ventilated area. 


When using cleaning fluids and solvents, 
read the instructions on the container carefully. 
Never use materials from unmarked containers. 

Never run the engine in an enclosed 
space, such as a garage. Exhaust fumes con- 
tain carbon monoxide, which is extremely poi- 
sonous. If you need to run the engine, always 
do so in the open air, or at least have the rear 
of the vehicle outside the work area. 


The battery 

Never create a spark or allow a bare 
light bulb near a battery. They normally give 
off a certain amount of hydrogen gas, which is 
highly explosive. 

Always disconnect the battery ground (-) 
cable at the battery before working on the fuel 
or electrical systems. 

If possible, loosen the filler caps or cover 
when charging the battery from an external 
source (this does not apply to sealed or main- 
tenance-free batteries). Do not charge at an 
excessive rate or the battery may burst. 

Take care when adding water to a non 
maintenance-free battery and when carrying 
a battery. The electrolyte, even when diluted, 
is very corrosive and should not be allowed to 
contact clothing or skin. 

Always wear eye protection when clean- 
ing the battery to prevent the caustic deposits 
from entering your eyes. 


Household current 

When using an electric power tool, 
inspection light, etc., which operates on 
household current, always make sure that the 
tool is correctly connected to its plug and that, 
where necessary, it is properly grounded. Do 
not use such items in damp conditions and, 
again, do not create a spark or apply exces- 
sive heat in the vicinity of fuel or fuel vapor. 


Secondary ignition system 


voltage 

A severe electric shock can result from 
touching certain parts of the ignition system 
(such as the spark plug wires) when the 
engine is running or being cranked, particu- 
larly if components are damp or the insulation 
is defective. In the case of an electronic igni- 
tion system, the secondary system voltage is 
much higher and could prove fatal. 


Hydrofluoric acid 

This extremely corrosive acid is formed 
when certain types of synthetic rubber, found 
in some O-rings, oil seals, fuel hoses, etc. are 
exposed to temperatures above 750-degrees 
F (400-degrees C). The rubber changes into 
a charred or sticky substance containing the 
acid. Once formed, the acid remains danger- 
ous for years. If it gets onto the skin, it may be 
necessary to amputate the limb concerned. 

When dealing with a vehicle which has 
suffered a fire, or with components salvaged 
from such a vehicle, wear protective gloves 
and discard them after use. 


Troubleshooting 
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This Section provides an easy reference 
guide to the more common problems that may 
occur during the operation of your vehicle. 
Various symptoms and their probable causes 
are grouped under headings denoting com- 
ponents or systems, such as Engine, Cooling 
system, etc. They also refer to the Chapter 
and/or Section that deals with the problem. 

Remember that successful troubleshoot- 
ing isn’t a mysterious art practiced only by 
professional mechanics, it's simply the result 
of knowledge combined with an intelligent, 
systematic approach to a problem. Always 
use a process of elimination starting with the 
simplest solution and working through to the 
most complex - and never overlook the obvi- 
ous. Anyone can run the gas tank dry or leave 
the lights on overnight, so don't assume that 
you're exempt from such oversights. 

Finally, always establish a clear idea 
why a problem has occurred and take steps 
to ensure that it doesn't happen again. If the 
electrical system fails because of a poor con- 
nection, check all other connections in the 
system to make sure they don't fail as well. 
If a particular fuse continues to blow, find 
out why - don't just go on replacing fuses. 
Remember, failure of a small component can 
often be indicative of potential failure or incor- 
rect functioning of a more important compo- 
nent or system. 


Engine 


1 Engine will not rotate when 
attempting to start 


1 Battery terminal connections loose or 
corroded. Check the cable terminals at the 
battery; tighten cable clamp and/or clean off 
corrosion as necessary (see Chapter 1). 

2 Battery discharged or faulty. If the cable 
ends are clean and tight on the battery posts, 
turn the key to the On position and switch on 
the headlights or windshield wipers. If they 
won't run, the battery is discharged. 

3 Automatic transmission not engaged in 
park (P) or Neutral (N). 

4 Broken, loose or disconnected wires in 
the starting circuit. Inspect all wires and con- 
nectors at the battery, starter solenoid and 
ignition switch (on steering column). 

5 Starter motor pinion jammed in drive- 
plate ring gear. Remove starter (Chapter 5) 
and inspect pinion and driveplate (Chapter 2). 
6 Starter solenoid faulty (Chapter 5). 

7 Starter motor faulty (Chapter 5). 

8 Ignition switch faulty (Chapter 12). 

9 Engine seized. Try to turn the crankshaft 
with a large socket and breaker bar on the 
pulley boit. 


Troubleshooting 


2 Engine rotates but will not start 
мас лыы ЕНЕ. 


1 Fuel tank empty. 

2 Battery discharged (engine rotates 
slowly). 

3 Battery terminal connections loose or 
corroded. 

4 Fuel not reaching fuel injectors. Check 
for clogged fuel filter or lines and defective 
fuel pump. Also make sure the tank vent lines 
aren't clogged (Chapter 4). 

5  Faulty distributor components. Check 
the cap and rotor (Chapter 1). 

6 Low cylinder compression. Check as 
described in Chapter 2. 

7 Water in fuel. Drain tank and fill with new 
fuel. 

8 Defective ignition coil (Chapter 5). 

9 Dirty or clogged fuel injector(s) (Chap- 
ter 4). 

10 Wet or damaged ignition components 
(Chapters 1 and 5). 

11 Worn, faulty or incorrectly gapped spark 
plugs (Chapter 1). 

12 Broken, loose or disconnected wires іп 
the starting circuit (see previous Section). 

13 Loose distributor (if equipped). Turn the 
distributor body as necessary to start the 
engine, then adjust the ignition timing às soon 
as possible (Chapter 5). 

14 Broken, loose or disconnected wires at 
the ignition coil or faulty coil (Chapter 5). 

15 Timing chain failure or wear affecting 
valve timing (Chapter 2). 

16 Fuel injection or engine control systems 
failure (Chapters 4 and 6). 

17 Defective MAF sensor. 


3 Starter motor operates without 
turning engine 


1 Starter pinion sticking. Remove the 
starter (Chapter 5) and inspect. 

2 Starter pinion or driveplate teeth worn 
or broken. Remove the inspection cover and 
inspect. 


4 Engine hard to start when cold 


1 Battery discharged or low. Check as 
described in Chapter 1. 

2 Fuel not reaching the fuel injectors. 
Check the fuel filter, lines and fuel pump 
(Chapters 1 and 4). 

3 Defective spark plugs (Chapter 1). 

4 Defective engine coolant temperature 
sensor (Chapter 6). 

5 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


5 Engine hard to start when hot 


1  Airfilter dirty (Chapter 1). 


2 Fuel not reaching the fuel injection (see 
Section 4). Check for a vapor lock situation, 
brought about by clogged fuel tank vent lines. 
3 Bad engine ground connection. 

4 Defective stator in the distributor (Chap- 
ter 5). 

5 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


6 Starter motor noisy or engages 
roughly 


1 Pinion or driveplate teeth worn or bro- 
ken. Remove the inspection cover on the left 
side of the engine and inspect. 

2 Starter motor mounting boits loose or 
missing. 


7 Engine starts but stops 
immediately 


1 Loose or damaged wire hamess connec- 
tions at distributor, coil or alternator. 

2 Intake manifold vacuum leaks. Make 
sure all mounting bolts/nuts are tight and all 
vacuum hoses connected to the manifold are 
attached properly and in good condition (see 
Chapters 2 and 4). 

3  Insufficient fuel pressure (see Chap- 
ter 4). 

4 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


8 Engine lopes while idling or idles 
erratically 


1 Vacuum leaks. Check mounting bolts at 
the intake manifold for tightness. Make sure 
that all vacuum hoses are connected and in 
good condition. Use a stethoscope or a length 
of fuel hose held against your ear to listen for 
vacuum leaks while the engine is running. A 
hissing sound will be heard. A soapy water 
solution will also detect leaks. Check the 
intake manifold gasket surfaces. 

2 Leaking EGR valve or plugged PCV 
valve (see Chapters 1 and 6). 

3 Air filter clogged (Chapter 1). 

4 Fuel pump not delivering sufficient fuel 
(Chapter 4). 

5 Leaking head gasket. Perform a cylinder 
compression check (Chapter 2). 

6 Timing chain worn (Chapter 2). 

7 Camshaft lobes worn (Chapter 2). 

8 Valves burned or otherwise leaking 
(Chapter 2). 

9 Ignition timing out of adjustment (Chap- 
ter 5). 

10 Ignition system not operating properly 
(Chapters 1 and 5). 

11 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 
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9 Engine misses at idle speed 


1 Spark plugs faulty or not gapped ргор- 
erly (Chapter 1). 

2 Faulty spark plug wires (Chapter 1). 

3 Wet or damaged distributor components 
(Chapter 1). 

4 Short circuits in ignition, coil or spark 
plug wires. 

5  Sticking or faulty emissions systems (see 
Chapter 6). 

6 Clogged fuel filter and/or foreign matter 
in fuel. Remove the fuel filter (Chapter 1) and 
inspect. 

7 Vacuum leaks at intake manifold or hose 
connections. Check as described in Sec- 
tion 8. 

8 Incorrect idle speed (Chapter 4). 

9 Low or uneven cylinder compression. 
Check as described in Chapter 2. 

10 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


10 Excessively high idle speed 


1  Sticking throttle linkage (Chapter 4). 

2 Vacuum leaks at intake manifold or hose 
connections. Check as described in Sec- 
tion 8. 

3 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


11 Battery will not hold a charge 


1  Alternator drivebelt defective or not 
adjusted properly (Chapter 1). 

2 Battery cables loose or corroded (Chap- 
ter 1). 

3 Айегпаіог not charging properly (Chap- 
ter 5). 

4 Loose, broken or faulty wires in the 
charging circuit (Chapter 5). 

5 Short circuit causing a continuous drain 
on the battery. 

6 Battery defective internally. 


12 Alternator light stays on 


1 Fault in alternator or charging circuit 
(Chapter 5). 

2 Alternator drivebelt defective or not prop- 
erly adjusted (Chapter 1). 


13 Alternator light fails to come on 
when key is turned on 


1  Faulty bulb (Chapter 12). 

2 Defective alternator (Chapter 5). 

3  Faultin the printed circuit, dash wiring or 
bulb holder (Chapter 12). 


14 Engine misses throughout 
driving speed range 


1 Fuel filter clogged and/or impurities in 
the fuel system. Check fuel filter (Chapter 1) 
or clean system (Chapter 4). 

2 Faulty or incorrectly gapped spark plugs 
(Chapter 1). 

3 Incorrect ignition timing (Chapter 5). 

4 Cracked distributor cap, disconnected 
distributor wires or damaged distributor com- 
ponents (Chapter 1). 

5 Defective spark plug wires (Chapter 1). 
6 Emissions system components faulty 
(Chapter 6). ; 

7 Low or uneven cylinder compression 
pressures. Check as described in Chapter 2. 
8 Weak or faulty ignition coil (Chapter 5). 

9 Weak or faulty ignition system (Chap- 
ter 5). 

10 Vacuum leaks at intake manifold or vac- 
uum hoses (see Section 8). 

11 Dirty or clogged fuel injector(s) (Chap- 
ter 4). 

12 Leaky EGR valve (Chapter 6). 

13 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


15 Hesitation or stumble during 
acceleration 


1 Ignition system not operating properly 
(Chapter 5). 

2 Dirty or clogged fuel injector(s) (Chap- 
ter 4). 

3 Low fuel pressure. Check for proper 
operation of the fuel pump and for restrictions 
in the fuel filter and lines (Chapter 4). 

4 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


16 Engine stalls 


1 Idle speed incorrect (Chapter 4). 

2 Fuel filter clogged and/or water and 
impurities in the fuel system (Chapter 1). 

3 Damaged or wet distributor cap and 
wires. 

4 Emissions system components faulty 
(Chapter 6). 

5 Faulty or incorrectly gapped spark plugs 
(Chapter 1). Also check the spark plug wires 
(Chapter 1). 

6 X Vacuum leak at the intake manifold or 
vacuum hoses. Check as described in Sec- 
tion 8. 

7 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


17 Engine lacks power 


1 Incorrect ignition timing (Chapter 5). 
2 Excessive play in distributor shaft (if 


equipped). At the same time check for faulty 
distributor cap, wires, etc. (Chapter 1). 

3 Faulty or incorrectly gapped spark plugs 
(Chapter 1). 

4 Air filter dirty (Chapter 1). 

5  Faulty ignition coil (Chapter 5). 

6 Brakes binding (Chapters 1 and 10). 

7 Automatic transmission fluid level incor- 
rect, causing slippage (Chapter 1). 

8 Fuel filter clogged and/or impurities in 
the fuel system (Chapters 1 and 4). 

9 ЕСК system not functioning properly 
(Chapter 6). 

10 Use of sub-standard fuel. Fill tank with 
proper octane fuel. 

11 Low or uneven cylinder compression 
pressures. Check as described in Chapter 2. 
12 Vacuum leak at intake manifold or vac- 
uum hoses (check as described in Section 8). 
13 Dirty or clogged fuel injector(s) (Chap- 
ters 1 and 4). 

14 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 

15 Restricted exhaust system (Chapter 4). 


18 Engine backfires 


1 ЕСК system not functioning properly 
(Chapter 6). 

2 Ignition timing incorrect (Chapter 5). 

3 Vacuum leak (refer to Section 8). 

4 Damaged valve springs or sticking 
valves (Chapter 2). 

5 X Vacuum leak at the intake manifold or 
vacuum hoses (see Section 8). 


19 Engine surges while holding 
accelerator steady 


1 Vacuum leak at the intake manifold or 
vacuum hoses (see Section 8). 

2 Restricted air filter (Chapter 1). 

3 Fuel pump or pressure regulator defec- 
tive (Chapter 4). 

4 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 


20 Pinging or knocking engine 
sounds when engine is under 
load 


1 Incorrect grade of fuel. Fill tank with fuel 
of the proper octane rating. 

2  lgnition timing incorrect (Chapter 5). 

3 Carbon build-up in combustion cham- 
bers. Remove cylinder head(s) and clean 
combustion chambers (Chapter 2). 

4 Incorrect spark plugs (Chapter 1). 

5 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 

6 Restricted exhaust system (Chapter 4). 
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21 Engine continues to run after 
being turned off 


1 Idle speed too high (Chapter 4). 

2 Ignition timing incorrect (Chapter 5). 

3 Incorrect spark plug heat range (Chap- 
tenni: 

4 Vacuum leak at the intake manifold ог 
vacuum hoses (see Section 8). 

5 Carbon build-up in combustion cham- 
bers. Remove the cylinder head(s) and clean 
the combustion chambers (Chapter 2). 

6 Valves sticking (Chapter 2). 

7 EGR system not operating properly 
(Chapter 6). 

8 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 

9 Check for causes of overheating (Sec- 
tion 27). 


22 Low oil pressure 


1  Improper grade of oil. 

2  Oilpump worn or damaged (Chapter 2). 
3 Engine overheating (refer to Section 27). 
4 Clogged oil filter (Chapter 1). 

5 Clogged oil strainer (Chapter 2). 

6 Oil pressure gauge not working properly 
(see Chapter 2E, Section 2). 


23 Excessive oil consumption 


1 Loose oil drain plug. 

2 Loose bolts or damaged oil pan gasket 
(Chapter 2). 

3 Loose bolts or damaged front cover gas- 
ket (Chapter 2). 

4 Front or rear crankshaft oil seal leaking 
(Chapter 2). 

5 Loose bolts or damaged valve cover 
gasket (Chapter 2). 

6 Loose oil filter (Chapter 1). 

7 | Loose or damaged oil pressure switch 
(Chapter 2). 

8 Pistons and cylinders excessively worn 
(Chapter 2). 

9 Piston rings not installed correctly on 
pistons (Chapter 2). 

10 Worn or damaged piston rings (Chap- 
ter 2). 

11 Intake and/or exhaust valve oil seals 
worn or damaged (Chapter 2). 

12 Worn valve stems or guides. 

13 Worn or damaged valves/guides (Chap- 
ter 2). 

14 Faulty or incorrect PCV valve allowing 
too much crankcase airflow. 


24 Excessive fuel consumption 


1 Dirty or clogged air filter element (Chap- 
ter 1). 

2 Incorrect ignition timing (Chapter 5). 

3 Incorrect idle speed (Chapter 4). 


Troubleshooting 


4 Low tire pressure or incorrect tire size 
(Chapter 10). 

5 Inspect for binding brakes. 

6 Fuel leakage. Check all connections, 
lines and components in the fuel system 
(Chapter 4). 

7 Dirty or clogged fuel injectors (Chap- 
ter 4). 

8 Fuel injection or engine control systems 
malfunction (Chapters 4 and 6). 

9 Thermostat stuck open or not installed. 
10 Improperly operating transmission. 


25 Fuel odor 


1 Fuel leakage. Check ail connections, 
lines and components in the fuel system 
(Chapter 4). 

2  Fueltank overfilled. Fill only to automatic 
shut-off. 

3 Charcoal canister filter in Evaporative 
Emissions Control system clogged (Chap- 
ter 1). 

4 Vapor leaks from Evaporative Emissions 
Control system lines (Chapter 6). 


26 Miscellaneous engine noises 


1 A strong dull noise that becomes more 
rapid as the engine accelerates indicates 
worn or damaged crankshaft bearings or an 
unevenly worn crankshaft. To pinpoint the 
trouble spot, remove the spark plug wire 
from one plug at a time and crank the engine 
over. If the noise stops, the cylinder with the 
removed plug wire indicates the problem area. 
Replace the bearing and/or service or replace 
the crankshaft (Chapter 2). 

2  Asimilar (yet slightly higher pitched) 
noise to the crankshaft knocking described in 
the previous paragraph, that becomes more 
rapid as the engine accelerates, indicates 
worn or damaged connecting rod bearings 
(Chapter 2). The procedure for locating the 
problem cylinder is the same as described in 
Paragraph 1. 

3 An overlapping metallic noise that 
increases in intensity as the engine speed 
increases, yet diminishes as the engine 
warms up indicates abnormal piston and cyl- 
inder wear (Chapter 2). To locate the problem 
cylinder, use the procedure described in Para- 
graph 1. 

4  Arapid clicking noise that becomes 
faster as the engine accelerates indicates a 
worn piston pin or piston pin hole. This sound 
will happen each time the piston hits the high- 
est and lowest points in the stroke (Chap- 
ter 2). The procedure for locating the problem 
piston is described in Paragraph 1. 

5 A metallic clicking noise coming from the 
water pump indicates worn or damaged water 
pump bearings or pump. Replace the water 
pump with a new one (Chapter 3). 

6  Arapid tapping sound or clicking sound 
that becomes faster as the engine speed 


increases indicates "valve tapping." This can 
be identified by holding one end of a section 
of hose to your ear and placing the other end 
at different spots along the valve cover. The 
point where the sound is loudest indicates 
the problem valve. If the pushrod and rocker 
arm components are in good shape, you 
likely have a collapsed valve lifter. Changing 
the engine oil and adding a high viscosity oil 
treatment will sometimes cure a stuck lifter 
problem. If the problem persists, the lifters, 
pushrods and rocker arms must be removed 
for inspection (see Chapter 2). 

7 А steady metallic rattling or rapping 
sound coming from the area of the timing 
chain cover indicates a wom, damaged or out- 
of-adjustment timing chain. Service or replace 
the chain and related components (Chap- 
ter 2). 


Cooling system 


27 Overheating 


1 Insufficient coolant in system (Chap- 
ter 1). 

2 _ Drivebelt defective or not adjusted prop- 
erly (Chapter 1). 

3 Radiator core blocked or radiator grille 
dirty and restricted (Chapter 3). 

4 Thermostat faulty (Chapter 3). 

5 Cooling fan not functioning properly 
(Chapter 3). 

6 Radiator cap not maintaining proper 
pressure. Have cap pressure tested by gas 
station or repair shop. 

7 Ignition timing incorrect (Chapter 5). 

8 Defective water pump (Chapter 3). 

9 improper grade of engine oil. 

10 Inaccurate temperature gauge (Chap- 
ter 12). 


28 Overcooling 


1 Thermostat faulty (Chapter 3). 
2  lnaccurate temperature gauge (Chap- 
ter 12). 


29 External coolant leakage 


1  Deteriorated or damaged hoses. Loose 
clamps at hose connections (Chapter 1). 

2 Water pump seals defective. If this is the 
case, water will drip from the weep hole in the 
water pump body (Chapter 3). 

3 Leakage from radiator core or header 
tank. This will require the radiator to be profes- 
sionally repaired (see Chapter 3 for removal 
procedures). 

4  Leakage from the coolant expansion 
tank. 


5 X Engine drain plugs or water jacket freeze 


Troubleshooting 
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plugs leaking (see Chapters 1 and 2). 

6 Leak from coolant temperature switch 
(Chapter 3). 

7 Leak from damaged gaskets or small 
cracks (Chapter 2). 


30 Internal coolant leakage 


Note: /nternal coolant leaks can usually be 
detected by examining the oil. Check the dip- 
stick and inside the rocker arm cover for water 
deposits and an oil consistency like that of a 
milkshake. 

1 Leaking cylinder head gasket. Have the 
system pressure tested or remove the cylin- 
der head (Chapter 2) and inspect. 

2 Cracked cylinder bore or cylinder head. 
Dismantie engine and inspect (Chapter 2). 

3 Loose cylinder head bolts (tighten as 
described in Chapter 2). 


31 Abnormal coolant loss 


1 Overfilling system (Chapter 1). 

2 Coolant boiling away due to overheating 
(see causes in Section 27). 

3 Internal or external leakage (see Sec- 
tions 29 and 30). 

4 Faulty radiator cap. Have the cap pres- 
sure tested. 

5 Cooling system being pressurized by 
engine compression. This could be due to 
a cracked head or block or leaking head 
gasket(s). 


32 Poor coolant circulation 


1 Inoperative water pump. A quick test is 
to pinch the top radiator hose closed with your 
hand while the engine is idling, then release it. 
You should feel a surge of coolant if the pump 
is working properly (Chapter 3). 

2 Restriction in cooling system. Drain, flush 
and refill the system (Chapter 1). If necessary, 
remove the radiator (Chapter 3) and have it 
reverse flushed or professionally cleaned. 

3 Loose water pump drivebelt (Chapter 1). 
4 Thermostat sticking (Chapter 3). 

5 Insufficient coolant (Chapter 1). 


33 Corrosion 


1 .Excessive impurities in the water. Soft, 
clean water is recommended. Distilled or rain- 
water is satisfactory. 

2 Insufficient antifreeze solution (refer to 
Chapter 1 for the proper ratio of water to anti- 
freeze). 

3 infrequent flushing and draining of sys- 
tem. Regular flushing of the cooling system 


should be carried out at the specified intervals 
as described in (Chapter 1). 


Automatic transmission 

Note: Due to the complexity of the auto- 
matic transmission, it's difficult for the home 
mechanic to properly diagnose and ser- 
vice. For problems other than the following, 
the vehicle should be taken to a reputable 
mechanic. 


34 Fluid leakage 


1 Automatic transmission fluid is a deep 
red color, and fluid leaks should not be con- 
fused with engine oil which can easily be 
blown by air flow to the transmission. 

2 To pinpoint a leak, first remove all built- 
up dirt and grime from the transmission. 
Degreasing agents and/or steam cleaning will 
achieve this. With the underside clean, drive 
the vehicle at low speeds so the air flow will 
not blow the leak far from its source. Raise 
the vehicle and determine where the leak is 
located. Common areas of leakage are: 


a) Fluid pan: tighten mounting bolts and/or 
replace pan gasket as necessary (Chap- 
ter 1). 

b) Rear extension: tighten bolts and/or 
replace oil seal as necessary. 

c) Filler pipe: replace the rubber oil seal 
where pipe enters trans-mission case. 

d) Transmission oil lines: tighten fittings 
where lines enter trans-mission case 
and/or replace lines. 

е) Vent pipe: transmission overfilled and/or 
water in fluid (see checking procedures, 
Chapter 1). 

f) Speedometer connector: replace the 
O-ring where speedometer cable enters 
transmission case. 


35 General shift mechanism 
problems 


Chapter 7 deals with checking and 
adjusting the shift linkage on automatic trans- 
missions. Common problems which may be 
caused by out of adjustment linkage are: 

a) Engine starting in gears other than P 

(park) or N (Neutral). 

b) Indicator pointing to a gear other than 
the one actually engaged. 
c) Vehicle moves with transmission in P 

(Park) position. 


36 Transmission will not downshift 
with the accelerator pedal 
pressed to the floor 


Chapter 7 deals with adjusting the throt- 
tle valve cable to enable the transmission to 
downshift properly. 


37 Engine will start in gears other 
than Park or Neutral 


Chapter 7 deals with adjusting the Neu- 
tral start switch installed on automatic trans- 
missions. 


38 Transmission slips, shifts rough, 
is noisy or has no drive in 
forward or Reverse gears 


1 There are many probable causes for 
the above problems, but the home mechanic 
should concern himself only with one possibil- 
ity; fluid level. 

2 Before taking the vehicle to a shop, check 
the fluid level and condition as described in 
Chapter 1. Add fluid, if necessary, or change 
the fluid and filter if needed. If problems per- 
sist, have a professional diagnose the trans- 
mission. 


Driveshaft 
Note: Refer to Chapter 8, unless otherwise 
specified, for service information. 


39 Leaks at front of driveshaft 


Defective transmission seal. See Chap- 
ter 7 for replacement procedure. As this is 
done, check the splined yoke for burrs or 
roughness that could damage the new seal. 
Remove burrs with a fine file or whetstone. 


40 Knock or clunk when 
transmission is under initial load 
(just after transmission is put 
into gear) 


1 Loose or disconnected rear suspension 
components. Check all mounting bolts and 
bushings (Chapters 7 and 10). 

2 Loose driveshaft bolts. Inspect all bolts 
and nuts and tighten them securely. 

3 Worn or damaged universal joint bear- 
ings (Chapter 8). 

4 Worn sleeve yoke and mainshaft spline. 


41 Metallic grating sound consistent 
with vehicle speed 


Pronounced wear in the universal joint 
bearings. Replace U-joints or driveshaft, as 
necessary. 


42 Vibration 


Note: Before blaming the driveshaft, make 
sure the tires are perfectly balanced and per- 
form the following test. 

1 install a tachometer inside the vehicle to 
monitor engine speed as the vehicle is driven. 
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Drive the vehicle and note the engine speed 
at which the vibration (roughness) is most 
pronounced. Now shift the transmission to a 
different gear and bring the engine speed to 
the same point. 

2 ІҒіһе vibration occurs at the same 
engine speed (rpm) regardless of which gear 
the transmission is in, the driveshaft is NOT at 
fault since the driveshaft speed varies. 

3  Ifthe vibration decreases or is eliminated 
when the transmission is in a different gear at 
the same engine speed, refer to the following 
probable causes: 


a) Bent or dented driveshaft. Inspect and 
replace as necessary. 

b) Undercoating or built-up dirt, etc. on the 
driveshaft. Clean the shaft thoroughly. 

c) Worn universal joint bearings. Replace 
the U-joints or driveshaft as necessary. 

d) Driveshaft and/or companion flange out 
of balance. Check for missing weights 
on the shaft. Remove driveshaft and 
reinstall 180-degrees from original posi- 
tion, then recheck. Have the driveshaft 
balanced if problem persists. 

e) Loose driveshaft mounting bolts/nuts. 

f) Worn transmission rear bushing (Chap- 
ter 7). 


43 Scraping noise 


Make sure there is nothing, such as an 
exhaust heat shield, rubbing on the drive- 
shaft. 


Axie and differential 

Note: For differential servicing information, 
refer to Chapter 8, unless otherwise speci- 
fied. 


44 Noise - same when in drive as 
when vehicle is coasting 


1 Road noise. No corrective action avail- 
able. 

2 Tire noise. Inspect tires and check tire 
pressures (Chapter 1). 

3 Front wheel bearings loose, worn or 
damaged (Chapter 1). 

4 Insufficient differential oil (Chapter 1). 

5 Defective differential. 


45 Knocking sound when starting or 
shifting gears 


Defective or incorrectly adjusted differ- 
ential. 


46 Noise when turning 


Defective differential. 


Troubleshooting 


47 Vibration 


See probable causes under Driveshaft. 
Proceed under the guidelines listed for the 
driveshaft. If the problem persists, check the 
rear wheel bearings by raising the rear of the 
vehicle and spinning the wheels by hand. Lis- 
ten for evidence of rough (noisy) bearings. 
Remove and inspect (Chapter 8). 


48 Oil leaks 


1  Pinion oil seal damaged (Chapter 8). 

2  Axleshaft oil seals damaged (Chapter 8). 
3 Differential cover leaking. Tighten mount- 
ing bolts or replace the gasket as required. 

4 Loose filler plug on differential (Chap- 
ter 1). 

5 Clogged or damaged breather on differ- 
ential. 


Brakes 

Note: Before assuming a brake problem 
exists, make sure the tires are in good condi- 
tion and inflated properly, the front end align- 
ment is correct and the vehicle is not loaded 
with weight in an unequal manner. All service 
procedures for the brakes are included in 
Chapter 9, unless otherwise noted. 


49 Vehicle pulls to one side during 
braking 


1 Defective, damaged or oil contaminated 
brake pad or lining on one side. Inspect as 
described in Chapter 1. Refer to Chapter 9 if 
replacement is required. 

2 Excessive wear of brake pad or lining 
material, disc or drum on one side. Inspect 
and repair as necessary. 

3 Loose or disconnected front suspen- 
sion components. Inspect and tighten all bolts 
securely (Chapters 1 and 10). 

4 Defective front brake caliper assembly. 
Remove caliper and inspect for stuck piston 
or damage. 

5 Brake lining adjustment needed. Inspect 
automatic adjusting mechanism for proper 
operation. 

6 Scored or out of round disc or drum. 

7 Loose front brake caliper mounting 
bolts. 

8 Incorrect wheel bearing adjustment. 


50 Noise (high-pitched squeal) 
——————— ÁN 
1 Front brake pads worn out. This noise 
comes from the wear sensor rubbing against 
the disc. Replace pads with new ones imme- 
diately! 

2 Glazed or contaminated pads. 

3 Dirty or scored rotor. 

4  Bentsupport plate. 


————— M 


51 Excessive brake pedal travel 
t Рес ie | | 


1 Partial brake system failure. Inspect 
entire system (Chapter 1) and correct as 
required. 

2 Insufficient fluid in master cylinder. 
Check (Chapter 1) and add fluid - bleed sys- 
tem if necessary. 

3  Airin system. Bleed system. 

4 Excessive lateral rotor play. 

5 Brakes out of adjustment. Check the 
operation of the automatic adjusters. 

6 Defective proportioning valve. Replace 
valve and bleed system. 

7 Defective master cylinder. 


52 Brake pedal feels spongy when 
depressed 


1 Air in brake lines. Bleed the brake sys- 
tem. 

2  Deteriorated rubber brake hoses. Inspect 
all system hoses and lines. Replace parts as 
necessary. 

3 Master cylinder mounting nuts loose. 
Inspect master cylinder bolts (nuts) and 
tighten them securely. 

4 Master cylinder faulty. 

5 Incorrect shoe or pad clearance. 

6 Defective check valve. Replace valve 
and bleed system. 

7 Clogged reservoir cap vent hole. 

8 Deformed rubber brake lines. 

9  Softor swollen caliper seals. 

10 Poor quality brake fluid. Bleed entire sys- 
tem and fill with new approved fluid. 


53 Excessive effort required to stop 
vehicle 


1 Power brake booster not operating prop- 
erly. 

2 Excessively worn linings or pads. Check 
and replace if necessary. 

3 Опе or more caliper pistons seized ог 
sticking. Inspect and rebuild as required. 

4 Brake pads or linings contaminated 
with oil or grease. Inspect and replace as 
required. 

5 Worn or damaged master cylinder or cal- 
iper assemblies. Check particularly for frozen 
pistons. 


54 Pedal travels to the floor with 


little resistance 
Ма сана; — -— E 


Little or no fluid in the master cylinder 
reservoir caused by leaking caliper piston(s) 
or loose, damaged or disconnected brake 


lines. Inspect entire system and repair as nec- 
essary. 


Troubleshooting 
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55 Brake pedal pulsates during 
brake application 


1 Wheel bearings damaged, worn or out of 
adjustment (Chapter 1). 

2 Caliper not sliding properly due to 
improper installation or obstructions. Remove 
and inspect. 

3 Коїог not within specifications. Remove 
the rotor and check for excessive lateral run- 
out and parallelism. Have the rotors resur- 
faced or replace them with new ones. Also 
make sure that all rotors are the same thick- 
ness. 

4 Out of round rear brake drums. Remove 
the drums and have them turned or replace 
them with new ones. 


56 Brakes drag (indicated by 
sluggish engine performance 
or wheels being very hot after 
driving) 


1 Pushrod adjustment incorrect at the 
brake pedal or power booster. 

2 Obstructed master cylinder compensa- 
tor. Disassemble master cylinder and clean. 

3 Master cylinder piston seized in bore. 
Overhaul master cylinder. 

4 Caliper assembly in need of overhaul. 

5 Brake pads or shoes worn out. 

6 Piston cups in master cylinder or caliper 
assembly deformed. Overhaul master cylin- 
der. 

7 | Rotor not within specifications. 

8 Parking brake assembly will not release. 
9 Clogged brake lines. 

10 Wheel bearings out of adjustment (Chap- 
ter 1). 

11 Brake pedal height improperly adjusted. 

12 Wheel cylinder needs overhaul. 

13 Improper shoe to drum clearance. Adjust 
as necessary. 


57 Rear brakes lock up under light 
brake application 


Tire pressures too high. 

Tires excessively worn (Chapter 1). 
Defective power brake booster. 

Rear axle seal(s) leaking contaminating 
brake lining(s) with rear axle lubricant (Chap- 
ter 8). 
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58 Rear brakes lock up under heavy 
brake application 


_ Tire pressures too high. 

Tires excessively worn (Chapter 1). 

Front brake pads contaminated with oil, 
ud or water. Clean or replace the pads. 

Front brake pads excessively worn. 

Defective master cylinder or caliper 
assembly. 


nagon- 


Suspension and steering 

Note: All service procedures for the suspen- 
sion and steering systems are included in 
Chapter 10, unless otherwise noted. 


59 Vehicle pulls to one side 


Tire pressures uneven (Chapter 1). 
Defective tire (Chapter 1). 

Excessive wear in suspension or steer- 
ng components (Chapter 1). 

Front end alignment incorrect. 


1 
2 
3 
5 Front brakes dragging. Inspect as 
( 


4 
described in Section 56. 

6 Wheel bearings improperly adjusted 
Chapter 1). 

7 Wheel lug nuts loose. 


60 Shimmy, shake or vibration 


1 Tire or wheel out of balance or out of 
round. 

2 Loose, worn or out of adjustment wheel 
bearings (Chapter 1). 

3 Shock absorbers and/or suspension 
components worn or damaged (see Chap- 
ter 10). 


61 Excessive pitching and/or rolling 
around corners or during braking 


1 Defective shock absorbers. Replace as 
a set. 

2 Broken or weak leaf springs and/or sus- 
pension components. 

3 Worn or damaged stabilizer bar or bush- 
ings. 


a 
N 


Wandering or general instability 


Improper tire pressures. 

Incorrect front end alignment. 

Worn or damaged steering linkage or 
uspension components. 

Improperly adjusted steering gear. 

Out-of-balance wheels. 

Loose wheel lug nuts. 

Worn rear shock absorbers. 

Fatigued or damaged rear leaf springs. 
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63 Excessively stiff steering 


1 Lack of fluid in the power steering fluid 
reservoir, where appropriate (Chapter 1). 

2 Incorrect tire pressures (Chapter 1). 

3 Lack of lubrication at bailjoints (Chap- 
ter 1). 

4 Frontend out of alignment. 

5 Steering gear out of adjustment or lack- 
ing lubrication. 

6 Improperly adjusted wheel bearings. 

7 Worn or damaged steering gear. 

8 Interference of steering column with turn 
signal switch. 


9 Low tire pressures. 
10 Worn or damaged balljoints. 
11  Worn or damaged steering linkage. 


64 Excessive play in steering 


Loose wheel bearings (Chapter 1). 
Excessive wear in suspension bushings 
Chapter 1). 

Steering gear improperly adjusted. 
Incorrect front end alignment. 

Steering gear mounting bolts loose. 
Worn steering linkage. 
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65 Lack of power assistance 


1 Steering pump drivebeit faulty or not 
adjusted properly (Chapter 1). 

2 Fluid level low (Chapter 1). 

3 Hoses or pipes restricting the flow. 
Inspect and replace parts as necessary. 

4 Аігіп power steering system. Bleed sys- 
tem. 

5 Defective power steering pump. 


66 Steering wheel fails to return to 
straight-ahead position 


Incorrect front end alignment. 

Tire pressures low. 

Steering gears improperly engaged. 
Steering column out of alignment. 
Worn or damaged balljoint. 

Worn or damaged steering linkage. 
Improperly lubricated idler arm. 
Insufficient oil in steering gear. 

Lack of fluid in power steering pump. 
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67 Steering effort not the same in 
both directions (power system) 


Leaks in steering gear. 
Clogged fluid passage in steering gear. 
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68 Noisy power steering pump 


1  Insufficient oil in pump. 

2 Clogged hoses or oil filter in pump. 

3 Loose pulley. 

4 Improperly adjusted drivebelt (Chap- 
ter 1). = 


5 Defective pump. 


69 Miscellaneous noises 


1 Improper tire pressures. 

2 insufficiently lubricated balljoint or steer- 
ing linkage. 

3 Loose or worn steering gear, steering 
linkage or suspension components. 
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Troubleshooting 


Defective shock absorber. 

Defective wheel bearing. 

Wom or damaged suspension bushings. 
Damaged leaf spring. 

Loose wheel lug nuts. 

Worn or damaged rear axleshaft spline. 
10 Worn or damaged rear shock absorber 
mounting bushing. 

11 Incorrect rear axle endplay. 

12 See also causes of noises at the rear 
axle and driveshaft. 
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70 Excessive tire wear (not specific 
to one area) 


1 Incorrect tire pressures. 


2 Tires ut of balance. 

3 Wheels damaged. Inspect and replace 
as necessary. 

4 Suspension or steering components 
worn (Chapter 1). 

5 Frontend alignment incorrect. 

6 Lack of proper tire rotation routine. See 
Routine Maintenance Schedule, Chapter 1. 


71 Excessive tire wear on outside 
edge 


Incorrect tire pressure. 
Excessive speed in turns. 
Front end alignment incorrect. 
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72 Excessive tire wear on inside 
edge 


1 Incorrect tire pressure. 

2 Frontend alignment incorrect. 

3 Loose or damaged steering components 
(Chapter 1). 


73 Tire tread worn in one place 


1 Tires out of balance. 

2 Damaged or buckled wheel. Inspect and 
replace if necessary. 

3 Defective tire. 
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Tune-up and routine maintenance 
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Specifications 


Note: Listed here are manufacturer recommendations at the time this manual was written. Manufacturers occasionally upgrade their fluid and lubri- 
cant specifications, so check with your local auto parts store for current recommendations. 


Recommended lubricants and fluids 
Engine oil 


ДОЛЛ оС АР! “certified for gasoline engines” 

SG GSS Гу ROME RR TTE See accompanying chart 
Power steering fluid type 

Мне иквшен2000)..... Зе... Premium power steering fluid 

20 mt OAC Ep 7^ P GE EH аа таев нано ынан MERCON automatic transmission fluid 

Оор ан Өгө @ |5... ТІП аны ныл ааа ашадан ees eruere eonun MERCON V automatic transmission fluid 
[ЕТШШ cet arent О О АЛ К Г Г DOT 3 heavy duty brake fluid 

HOT 


WEATHER 


SAE 10W-30 


— LOOK FOR 
ONE OF 
THESE LABELS 
SAE 5W-30 - early models 
SAE 5W-20 - late models 
COLD 
WEATHER 


Engine oil viscosity chart 
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Recommended lubricants and fluids (continued) 
Automatic transmission fluid type 


ile S ntt Гоа ООо н MERCON automatic transmission fluid 
1998 and later | ae : 
БАО апа АЕТ mL S MERCON automatic transmission fluid. 
АБ ЛОМ апа ЖЕЛМУ,...... 22 а MERCON V automatic transmission fluid 
4R70E and 4R75E | im. 
200061t0romghr2g08Imodals tere ur MERCON V automatic transmission fluid 
2009:andilatenmodelS. eere ren rene roro келесе т ERES MERCON LV automatic transmission fluid 
TorgShift 5-speed automatic 
2@0АЧПШГОШОП 2008 И уузу мет тоол ы МЕКСОМ SP 
POO алсак ае MERCON LV 
Coolant type | я 
MOS Dati дее ду 2 OO O eee нео ааа Ethylene glycol-based antifreeze meeting current 


manufacturer’s Specifications 
2001 and 2002 


Моде! гео eren F5FZ-19549-CC 
ДІ ОШЕеНШОДе э... ро р са Тело e С Ethylene glycol-based antifreeze meeting current standards 
(green color) 
2003:andilatenTnodels:... ининин еее она. Motorcraft premium coolant (yellow color) 
Front wheel bearing дгеаве..................... РРО NLGI No. 2 lithium base grease containing polyethylene and 
molybdenum disulfide 
Galipenjslide га дгеа$е 11 Disc brake caliper slide rail grease 
GC MASSISIGNC ASE т ЭЖЕ л к с NLGI No. 2 lithium base grease containing polyethylene and 


molybdenum disulfide 


Differential lubricant 


IEE netre Ma GOS а TUI tee ERR E E RENTE TU MARRE з-с: API GL-5 SAE 90 hypoid gear lubricant* 
ТЕЗ ЕЕ TII EX OLEI TIS НІ! SAE XY 80W-90 QL gear lubricant* 
1997 through 1999 
Мосецвоилолахөсее И Е ааа. SAE XY 80W-90 QL gear lubricant* 
Бога: апа епс оу E L SAE 75W-140 GL-synthetic gear lubricant* 
2000 through 2002 
Ford 9.75 inch апа МосейбФахіев 222222222. SAE 75W-140 GL-synthetic gear lubricant* 
Бога inch апа Model 70 ах!еб$......................................-..-.ъ.. SAE XY 80W-90 QL gear lubricant* 
2003 
Visteon axles (E-150 тосівів)................2.. "Fuel-efficient" high-performance synthetic 70W-90 
Djanaigsz5raxiessem СЫЗ CC S SAE hypoid gear oil 
2004 
Visteon axles (E-150 models) Chi КА ДЕ ОУК ee SAE 75W-90 “fuel efficient” high-performance rear axle lube 
Шапа 5'ахіеѕ о, Еа и элли Миы SAE 75W-140 synthetic rear axle lubricant 
дапа (limited-slipY: rora ДЕДИ+ ат SAE 90W hypoid gear lubricant* 
2005 
Misteonraxles(E-150models) Seem UTERE SAE synthetic 75W-140 rear axle lubricant 
рапа;9:75 ахіеѕ 7... OTT DR EOS SAE 80W-90 premium rear axle lubricant 
ЕТЕП Slip) е НІН 2... SAE 90W hypoid gear lubricant* 
2006 
Model 60 and 70 axles* 
Withitrailer toWiTIgo ree rre Nee SAE 75W-140 high-performance rear axle lubricant 
Ое ыы. SAE 80W-90 premium rear axle lubricant 


2007 and later 
Model 60 and 70 axles* 


With trailer LOWING ЕЛЕНЕ ЕЛЕНА есен eere SAE 75W-140 synthetic rear axle lubricant 
Withilimited slip: 5:7... ТИКЕ EN OI SAE 90 hypoid gear oil 
АТОИ teet 7 ITIN SAE 80W-90 premium rear axle lubricant 


“For Traction-Lok axles (limited slip) add friction modifier when lubricant is changed 


1992 through 1996 models add 4 oz. 
1997 through 1999 models. 
Model 60 add 6 oz. (add 4 oz. If differential lubricant is switched to synthetic for towing applications) 
Model 70 add 6 oz 
Ford 8.8 and 9.75 inch add 4 oz. 
2000 through 2005 models 
Model 60 add 7 oz. 
Model 70 add 5.5 oz 
Ford 8.8 and 9.75 inch add 4 oz. 
2006 models 
Model 60 add 8 oz. 
Model 70 before 9/6/2005 add 5.5 oz. 
Model 70 after 9/7/2005 are equipped with carbon fiber clutch discs and need no additive 
2007 and later models 
Model 60 add 6 oz. 
Model 70 are equipped with carbon fiber clutch discs and need no additive 
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Capacities (approximate) 


ЕИО (with Өг Сһапде).................................................................. 6 qts 
Automatic transmission (capacity with torque converter drained)* 
TEER Hirti о л QT 12 qts 
1996 and later 
С) dock. eee er eee ол е ШК УС 12 qts. 
АлАТ —— S > A 16.4 qts. 
eU апа 4Е75\\....:. eem etn се... шыш... аы. 13.9 qts 
ЕДБ EEUU TERRE NE M 15.9 qts 
UP OL апа! ARSE с... ы. 1 cord ena dene 13.9 qts 
TorqShift 5-speed (2004 and іаѓег)..................................................... 175 


* For normal maintenance pan removal, filter and fluid change, the fluid refill capacity is far less than listed. Measure the amount of fluid drained to 
arrive at an approximate refill amount. 


Cooling system* 


ОШ ОДОО ME ere И 17 qts 
5.0L engine (в) 
УЧИШОШ Наба OHIO ................................................................ 19.6 ats 
Wasil capelina. РАР ce co eee er necnon ene aon cratere ecce 20 qts (s) 
5.8L engine 
пететеениненіпо .................................................. 19.8 qts (4) е 
Ииннетиткенно .......................................... 20.2 qts 09 
E cwn c Ыб ———— 23.6 qts (3) О- О 
4.2L engine 
Vidi SUEDE TREO RITIRO 23.2 qts FRONT 
шеаипеанпа ood RECTORES 25.4 qts (2) 
4.6L engine | 
Models to 2001 (1) 
VIET ATA AUG). ...s.conesccectecctcesstcasstessccccerecssseesessseovsceceoscds 23.2 qts 
X: ICE e RECTORE E E аена ннате етта 25.4 qts FIRING ORDER 1-5-3-6-2-4 
2002 and later models 
Viii aetie lex tr SALINE енна 24 qts А Й с 
о СЕА 26 446 Cylinder location and distributor 
5.4L and 6.8L engines ) rotation (4.9L engine) 
IVIHTO NITET Пеанпа....-..................-........›..................................... 29 ats 
ЕПС ОЈ =, cates EEUU ORO ODDO DROIT TE 31 qts 


* Capacity may vary +/- 15% due to equipment variations. Most service refills take only 80% of listed capacity because some coolant remains in 
the engine. 


Fuel tank 
[3stirchiWwiIBBl Base. --. eoo resin reor ene езе. анааш 35 gallons 
aon eh ПЕН СЕНА СЕ... 37 gallons : 
(i zolinchbWEeelBase.... «recorte eee eren e eene nre PORE rrr 37 gallons 
158 inch wheelbase E-Super Duty....................... eene 55 gallons 
i Бшрап йш Ун АО m 55 gallons 
176 inch wheelbase E-Sup y g TUE 
Brakes 
Disc brake pad thickness (minimum) | 
ТТ ТЕ (SITO enc eee oe RE ЕЕ ЕНЕ ПІ. 1/16-inch 
Раба. ҒЗ... Зинин 1/32-inch | R 
Drum brake shoe lining thickness (minimum) Cylinder location 
Бопе Ша Е ео НЕНИН. 1/16-inch above and distributor 
metal shoe rotation (5.0L, 5.8L 
dec UI a a ae 1/32-inch above and 7.5L engines) 
aces Firing order 
Pd 1994 through 1996 5.0L and all 5.8L: 1-3-7-2-6-5-4-8 
ignition system 1992 and 1993 5.0L and all 7.5L: 1-5-4-2-6-3-7-8 
Spark plug type 
Pushrod engines 
оосо о О ост СА Motorcraft BSF-44C or equivalent 
Шала O ао Motorcraft ASF-42C or equivalent 
осоо а E cn o! ooo a T Motorcraft ASF-32C or equivalent 
4.2L 
ТТТ 202--.......2..5.. Т...ӛ.. Motorcraft AWSF-42EE or equivalent 
TELE tcx qe ООО aae eo e Motorcraft AGSF-34-EE or equivalent 
2001 through 2003 
Cia АТОО den nesa reme ern taraen rennen Motorcraft AGSF-34 EG or equivalent 


Cylinders 4 through 6.......................ə.......12 м... Motorcraft AGSF-34 E or equivalent 
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Ignition system (continued) 
Spark plug type (continued) 
Overhead camshaft engines 


4.6L 
ZOOSTAMGICAMICH «.....sc0ccsesse0ssceseaxceccsea-csetssncocsrersoncntrsscenarersvreese 
ДОО Па оов... reete те ЖИШШ. 
2201018). ЖК ОЕК ЕН TOT PT EROTIC ET - uoce cue 
200Тапа 20087... ос ЕНЕ 
ОООЙ ае е. E Нн, 
5.4L 
ПОӨЛАШГОШӘМЕПӘЗӨ/..........Жш......-.-- Ж... л. 
2000ltliredghi2003:.— eese ES 
2004 олары т 
200/Жапа 290-222 7.4 
ОООО еск Т е-е МЕ 
2010 апа! ае г E С 
6.8L 
е о Ао 
ООО Отена 2008 НЕ о 
ООА ТОСОН ООО ЕИ Т 
2007randilator а ЕЕ еее НГ 
Spark plug дар 
ASOT SO LE апа та aa aaa ineen are ШШЕ. 
БО сас кемен О ЛЛК ОО НЕЕ 
4.2L and 4.6L 
992 T aae Ms, Т... 222. 
2009:апоаег. КИЛИМИ. ca RS 
Бутту СВИ: Е Зе сс ООО ОО Г 
Ignition timing 
VERI OO 9 с Л НЕНУЕ 
Пааа аети Е ы 


Fuel system 
ІШерее КОО re tere sere оне 


Torque specifications 


Motorcraft AWSF-32P or equivalent 
Motorcraft AGSF-33P or equivalent 
Motorcraft AGSF-32PM or equivalent 
Motorcraft AGSF-32N or equivalent 
Motorcraft AGSF-22FM1 or equivalent 


Motorcraft AWSF-22E or equivalent 
Motorcraft AWSF-22W or equivalent 
Motorcraft AGSF-22WM or equivalent 
Motorcraft AGSF-22N or equivalent 
Motorcraft AGSF-22FC or equivalent 
Motorcraft AGSF-22F1 or equivalent 


Motorcraft AWSF-22E or equivalent 
Motorcraft AWSF-22W or equivalent 
Motorcraft AGSF-22WM or equivalent 
Motorcraft AGSF-22N or equivalent 


V6 engine 
0.044-inch 1-4-2-5-3-6 
0.054-inch 
0.054-inch Cylinder and coil terminal 
0.044-inch locations (4.2L engine) 
0.054-inch 


10 degrees BTDC at idle with SPOUT disconnected 
10 degrees BTDC (base timing - not adjustable) 


Not adjustable 


Ft-Ibs (unless otherwise indicated) 


Note: One foot-pound (ft-Ib) of torque is equivalent to 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 foot-pounds are 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 


Automatic transmission pan boits 


Drivebelt tensioner mounting bolt(s) 
CECI IIBER TORO CI IIO ИШ е 
4.9L Inline 6 and 7.5L V8 engines 
TOE TERVEEN MNENE. a a ume eese 
4.6L, 5.4L, 6.8L V10 engines 
Front hub adjusting nut 
Step 1 


Métusessoessessssnsasaestótuessuamsesepeeseeeeveesasaseseesaseseeceosveeeoesusescosveseseuseseevteves 


Spark plugs 
4.2L engine 
E e еле TETTE 
4.6L, 5.0L, 5.4L, 5.8L and 6.8L engines 

Wheel lug nuts 


MrtesesaesesdeesssessssacsoeesevesevseseaausesescnupsuHoossesheesurepessessossueoessesenos 


96 to 144 in-Ibs 
72 to 120 in-Ibs 
120 to 144 in-Ibs 
108 to 132 in-Ibs 
108 to 132 in-Ibs 
124 in-Ibs 


41 

59 

41 

18 (4) (5) 
ез „| 0| © © 
Back off 1/2-turn 

22 to 25 in-Ibs (2) (6) (3) 
132 in-Ibs [7 (5) (2) (т) 
15 to 20 

84 to 168 in-Ibs Ф (6) 


Т? ©0| |00 
140 Фо ОЈО) 


6.8L У10 ENGINE 
1-6-5-10-2-7-3-8-4-9 
4.6L and 5.4L V8 ENGINE 
1-3-7-2-6-5-4-8 36059-1-specs.C HAYNES 


Cylinder location and coil pack arrangement 
(4.6L, 5.4L and 6.8L engines) - Note that some 
models are equipped with coil-over-plug 
assemblies mounted on each cylinder 


Maintenance schedule 
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The following maintenance intervals are based on the assump- 
tion that the vehicle owner will be doing the maintenance or service 
work, as opposed to having a dealer service department do the work. 
Although the time/mileage intervals are loosely based on factory recom- 
mendations, most have been shortened to ensure, for example, that 
such items as lubricants and fluids are checked/changed at intervals 
that promote maximum engine/driveline service life. Also, subject to the 
preference of the individual owner interested in keeping his or her vehi- 
cle in peak condition at all times, and with the vehicle’s ultimate resale 
in mind, many of the maintenance procedures may be performed more 


often than recommended in the following schedule. We encourage such 
owner initiative. 

Because severe duty use necessitates more frequent main- 
tenance, a separate schedule is included for vehicles used for other 
than normal use as outlined in the schedule. When the vehicle is new 
it should be serviced initially by a factory authorized dealer service 
department to protect the factory warranty. In many cases the initial 
maintenance check is done at no cost to the owner (check with your 
dealer service department for more information). 


Normal driving conditions 


Every 250 miles or weekly, 
whichever comes first 


Check the engine oil level (Section 3) 

Check the engine coolant level (Section 3) 

Check the brake fluid level (Section 3) 

Check the windshield washer fluid level (Section 3) 
Check the tires and tire pressures (Section 4) 
Perform owner safety checks (Section 5) 


Every 3,000 miles or 3 months, 
whichever comes first 


All items listed above, plus... 
Change the engine oil and replace the oil filter (Section 6) 
Check the power steering fluid level (Section 7) 
Check the automatic transmission fluid level (Section 8) 


Every 6,000 miles or 6 months, 
whichever comes first 


All items listed above, plus... 
Check/service the battery (Section 12) 
Inspect/replace the windshield wiper blades (Section 27) 
Rotate the tires and check air pressure (Section 9) 
Inspect exhaust system for leaks, damage or loose parts. 
Remove any debris trapped by the exhaust system 
shielding (Section 23) 


Every 15,000 miles or 12 months, 
whichever comes first 


All items listed above, plus... 

Replace fuel filter (2008 and earlier models only) (Section 21) 

Inspect disc brake system, lubricate caliper slide rails 
(Section 25) 

Inspect drum brake system, hoses and lines (Section 25) 

Check parking brake system for damage and correct 
operation (Section 25) 

Check the differential lubricant level (Section 17) 

Inspect the drivebelt (Section 11) 

Inspect the underhood hoses (Section 10) 


Inspect the fuel system (Section 20) 

Inspect engine cooling system hoses and clamps; check 
coolant strength (Section 22) 

Inspect/lubricate automatic transmission shift linkage 
(Section 15) 

Inspect/lubricate steering linkage, suspension, driveshaft 
U-joint (if equipped with grease fittings) (Section 15) 
(Section 24) 


Every 30,000 miles or 24 months, 
whichever comes first 


All items listed above, plus... 


Change automatic transmission fluid (Section 8)** 
Lubricate throttle valve (TV) cable ends and lever ball studs 
(AOD automatic transmission only) (Section 15) 
Replace the spark plugs (Section 13) 
Replace the distributor cap and rotor (Section 14) 
Replace the air filter (Section 18)* 
Replace the crankcase ventilation filter (Section 18) 
Check/lubricate the front wheel bearings (Section 26) 
Service the cooling system (drain, flush and refill) 
(Section 28)*** 


Every 60,000 miles or 48 months, 
whichever comes first 


All items listed above, plus... 


Replace the drivebelt (Section 11) 

Replace the PCV valve (non-heated PCV valve only) 
(Section 19) 

Replace the spark plug wires (Section 13) 


Every 100,000 miles or 72 months, 
whichever comes first 


All items listed above, plus... 
Change the differential lubricant (Section 17) 

*Replace more often if the vehicle is driven in dusty areas 

**If the vehicle is operated in continuous stop and go driving or in moun- 
tainous areas, change at 15,000 miles 

*""Caution: Beginning іп 2001, some models are equipped with red, 
long life coolant. Do not mix green-colored ethylene glycol coolant 
and red-colored coolant because doing so will cause cooling sys- 
tem damage. Read the warning label in the engine compartment 
for additional information. 
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1 Introduction 


This Chapter is designed to help the 
home mechanic maintain his or her vehicle 
with the goals of maximum performance, 
economy, safety and reliability in mind. 

Included is a master maintenance sched- 
ule, followed by procedures dealing specifi- 
cally with each item on the schedule. Visual 
checks, adjustments, component replacement 
and other helpful items are included. Refer to 
the accompanying illustrations of the engine 
compartment and the underside of the vehicle 
for the locations of various components. Ser- 
vicing the vehicle, in accordance with the mile- 
age/time maintenance schedule and the step- 
by-step procedures will result in a planned 
maintenance program that should produce 
a long and reliable service life. Keep in mind 
that itis a comprehensive plan, so maintaining 
some items but not others at specified inter- 
vals will not produce the same results. 


Балы. BN E 270 


Engine compartment with access cover 
removed - typical 1997 and later V8 and 
V10 models 


1 Access to left bank spark plugs 
2 Access to right bank spark plugs 


As you service the vehicle, you will dis- 
cover that many of the procedures can - and 
should - be grouped together because of the 
nature of the particular procedure you're per- 
forming or because of the close proximity of 
two otherwise unrelated components to one 
another. 

For example, if the vehicle is raised for 
chassis lubrication, you should inspect the 
exhaust, suspension, steering and fuel sys- 
tems while you're under the vehicle. When 
you're rotating the tires, it makes good sense 
to check the brakes since the wheels are 
already removed. Finally, let's suppose you 
have to borrow or rent a torque wrench. Even 
if you only need it to tighten the spark plugs, 
you might as well check the torque of as many 
critical fasteners as time allows. 

The first step in this maintenance pro- 
gram is to prepare yourself before the actual 
work begins. Read through all the procedures 
you're planning to do, then gather up ail the 
parts and tools needed. If it looks like you 
might run into problems during a particular 
job, seek advice from a mechanic or an expe- 
rienced do-it-yourselfer. 


2  Tune-up general information 


The term tune-up is used in this manual 
to represent a combination of individual oper- 
ations rather than one specific procedure. 

If, from the time the vehicle is new, the 
routine maintenance schedule is followed 
closely and frequent checks are made of fluid 
levels and high wear items, as suggested 
throughout this manual, the engine will be kept 
in relatively good running condition and the 
need for additional work will be minimized. 

More likely than not, however, there will 
be times when the engine is running poorly 
due to a lack of regular maintenance. This is 
even more likely if a used vehicle, which has 
not received regular and frequent mainte- 
nance checks, is purchased. In such cases, 
an engine tune-up will be needed outside of 


Engine compartment routine 
maintenance items - typical 
1997 and later V8 and 
V10 models 


Battery 

Windshield washer fluid 
reservoir 

Drivebelt routing diagram 
Engine oil filler cap 


Automatic transmission 
fluid dipstick 

Air filter housing 
Engine oil dipstick 
Brake fluid reservoir 
Coolant expansion tank 
Power steering fluid 
reservoir 


the regular maintenance intervals. 

The first step in any tune-up or diagnos- 
tic procedure to help correct a poor running 
engine is a cylinder compression check. A 
compression check (see Chapter 2, Part E) will 
help determine the condition of internal engine 
components and should be used as a guide for 
tune-up and repair procedures. If, for instance, 
a compression check indicates serious internal 
engine wear, a conventional tune-up will not 
improve the performance of the engine and 
would be a waste of time and money. Because 
of its importance, the compression check should 
be done by someone with the right equipment 
and the knowledge to use it properly. 

The following procedures are those most 
often needed to bring as generally poor run- 
ning engine back into a proper state of tune. 


Minor tune-up 

Clean, inspect and test the battery 
(see Section 12) 

Check all engine related fluids 
(see Section 3) 

Check and adjust the drive belts 
(see Section 11) 

Replace the spark plugs 
(see Section 13) 

Inspect the spark plug wires (see 
Section 13) 

Check the PCV valve (see Section 19) 

Check the air filter (see Section 18) 

Check the cooling system (see 
Section 22) 

Check all underhood hoses (see 
Section 10) 


Major tune-up 
All items listed under minor tune-up, plus . . . 
Check the ignition system (see 
Chapter 5) 
Check the charging system (see 
Chapter 5) 
Check the fuel system (see Chapter 4) 
Replace the spark plug wires (see 
Section 13) 
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3.4a Remove the dipstick, wipe it 
clean, then reinsert it all the way before 
withdrawing it for an accurate 

oil level check 


3 Fluid level checks (every 
250 miles or weekly) 


Refer to illustrations 3.4a, 3.4b, 3.6, 3.9, 3.15 
Note: The following are fluid level checks to 
be done on a 250 mile or weekly basis. Addi- 
tional fluid level checks can be found in spe- 
cific maintenance procedures which follow. 
Regardless of intervals, be alert to fluid leaks 
under the vehicle which would indicate a fault 
to be corrected immediately. 

1 Fluids are an essential part of the lubri- 
cation, cooling, brake and windshield washer 
systems. Because the fluids gradually become 
depleted and/or contaminated during normal 
operation of the vehicle, they must be peri- 
odically replenished. See recommended lubri- 
cants and fluids at the beginning of this Chap- 
ter before adding fluid to any of the following 
components. Note: Тһе vehicle must be оп 
level ground when fluid levels are checked. 


Engine oil 
2 Engine oil is checked with a dipstick, 
which is located on the side of the engine 
(refer to the underhood illustration at the front 
of this Chapter for dipstick location). The dip- 
Stick extends through a metal tube down into 
the oil pan. 
3 The engine oil should be checked before 
the vehicle has been driven, or about 5 min- 
utes after the engine has been shut off. If 
the oil is checked immediately after driving 
the vehicle, some of the oil will remain in the 
upper part of the engine, resulting in an inac- 
curate reading on the dipstick. 
4 Pull the dipstick out of the tube (see 
illustration) and wipe all of the oil away from 
the end with a clean rag or paper towel. Insert 
the clean dipstick all the way back into the 
tube and pull it out again. Note the oil at the 
end of the dipstick. At its highest point, the oil 
should be above the ADD mark, in the SAFE 
range (see illustration). 
.5  Ittakes one quart of oil to raise the level 
from the ADD mark to the FULL mark on the 
dipstick. Do not allow the level to drop below 


3.4b If the oil level is below the ADD line, 
add oil to bring the level up to the FULL 
mark; don't overfill the crankcase 


the ADD mark or oil starvation may cause 
engine damage. Conversely, overfilling the 
engine (adding oil above the FULL or MAX 
mark) may cause oil fouled spark plugs, oil 
leaks or oil seal failures. 

6 To add oil, remove the filler cap (see 
illustration). After adding oil, wait a few min- 
utes to allow the level to stabilize, then pull 
the dipstick out and check the level again. 
Add more oil if required. Install the filler cap 
and tighten it by hand only. 

7 Checking the oil level is an important рге- 
ventive maintenance step. A consistently low 
oil level indicates oil leakage through damaged 
seals, defective gaskets or past worn rings or 
valve guides. The condition of the oil should 
also be noted. If the oil looks milky in color 
or has water droplets in it, the cylinder head 
gasket(s) may be blown or the head(s) or block 
may be cracked. The engine should be repaired 
immediately. Whenever you check the oil level, 
slide your thumb and index finger up the dip- 
stick before wiping off the oil. If you see small 
dirt or metal particles clinging to the dipstick, the 
oil should be changed (see Section 6). 


Engine coolant 

Warning: Do not allow antifreeze to come in 
contact with your skin or painted surfaces of 
the vehicle. Rinse off spills immediately with 
plenty of water. Antifreeze is highly toxic if 
ingested. Never leave antifreeze lying around 
in an open container or in puddles on the floor; 
children and pets are attracted by it's sweet 
smell and may drink it. Check with local author- 
ities about disposing of used antifreeze. Many 
communities have collection centers which will 
see that antifreeze is disposed of safely. 
Caution: Beginning in 2001, some models 
are equipped with red, long life coolant. Do 
not mix green-colored ethylene glycol cool- 
ant and red-colored coolant because doing so 
will cause cooling system damage. Read the 
warning label in the engine compartment for 
additional information. 

8 АІ vehicles covered by this manual are 
equipped with a pressurized coolant recov- 
ery system. A white plastic coolant reservoir 
or expansion tank located at the front of the 
engine compartment is connected by a hose 
to the radiator filler neck. If the engine over- 
heats on 1996 and earlier models, coolant 
escapes through a valve in the radiator cap 


3.6 To add oil, remove the oil filler cap 


and travels through the hose into the reser- 
voir. As the engine cools, the coolant is auto- 
matically drawn back into the cooling system 
to maintain the correct level. On 1997 and 
later models there is no radiator cap. Instead, 
the cap on the expansion tank is pressurized. 
The tank is part of the cooling system, and 
coolant flows through it whenever the engine 
is running. The cap should only be removed 
when the engine is off and cold. 

9 The coolant level in the reservoir/expan- 
sion tank should be checked regularly. Warn- 
ing: Do not remove the radiator or expansion 
tank cap to check the coolant level when the 
engine is warm! The level in the reservoir/ 
expansion tank varies with the temperature 
of the engine. When the engine is cold, the 
coolant level should be at or slightly above 
the COLD FULL mark on the reservoir/expan- 
sion tank. Once the engine has warmed up, 
the level should be at or near the FULL HOT 
mark. If it isn't, remove the cap (allow the 
engine to cool first on 1997 and later models) 
(see illustration) and add a 50/50 mixture of 
ethylene glycol based antifreeze and water. 
Don't use rust inhibitors or additives. 


cap from the expansion tank and add a 
50/50 mixture of ethylene glycol based 
antifreeze and water to bring the 
coolant to the correct level 
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10 Drive the vehicle and recheck the cool- 
ant level. If only a small amount of coolant is 
required to bring the system up to the proper 
level, water can be used. However, repeated 
additions of water will dilute the antifreeze and 
water solution. In order to maintain the proper 
ratio of antifreeze and water, always top up 
the coolant level with the correct mixture. An 
empty plastic milk jug or bleach bottle makes 
an excellent container for mixing coolant. 

11 If the coolant level drops consistently, 
there may be a leak in the system. Inspect 
the radiator, hoses, filler cap, drain plugs and 
water pump (see Section 22). If no leaks are 
noted, have the radiator or expansion tank 
cap pressure tested by a service station. 

12 If you have to remove the radiator cap, 
wait until the engine has cooled completely, 
then wrap a thick cloth around the cap and 
turn it to the first stop. If coolant or steam 
escapes, let the engine cool down longer, 
then remove the cap. 

13 Check the condition of the coolant as 
well. it should be relatively clear. If it's brown 
or rust colored, the system should be drained, 
flushed and refilled. Even if the coolant 
appears to be normal, the corrosion inhibitors 
wear out, so it must be replaced at the speci- 
fied intervals. 


Brake fluid 


Warning: Brake fluid can harm your eyes and 
damage painted surfaces, so use extreme 
caution when handling or pouring it. Do not 
use brake fluid that has been standing open 
or is more than one year old. Brake fluid 
absorbs moisture from the air, which can 
cause a dangerous loss of brake effective- 
ness. Use only the specified type of brake 
fluid. Mixing different types (such as DOT 3 
or 4 and DOT 5) can cause brake failure. 

14 Тһе brake master cylinder is mounted at 
the left (driver's side) rear corner of the engine 
compartment. 

15 Тһе brake fluid level is checked by look- 
ing through the plastic reservoir mounted on 
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3.15 Check the fluid level in the master cylinder by looking 
through the translucent reservoir 


the master cylinder. The fluid level should be 
between the MAX and MIN lines on the reser- 
voir (see illustration). If the fluid level is low, 
wipe the top of the reservoir and the cap with 
a clean rag to prevent contamination of the 
system as the cap is removed. Top up with the 
recommended brake fluid, but do not overfill. 
16 While the reservoir cap is off, check the 
master cylinder reservoir for contamination. If 
rust deposits, dirt particles or water droplets 
are present, the system should be drained 
and refilled by a dealer service department or 
repair shop. 

17 After filling the reservoir to the proper 
level, make sure the cap is seated to prevent 
fluid leakage and/or contamination. 

18 The fluid level in the master cylinder will 
drop slightly as the disc brake pads wear. A 
very low level may indicate worn brake pads 
or linings. Check the brakes for wear (see 
Section 25). 

19 ifthe brake fluid level drops consistently, 
check the entire system for leaks immediately. 
Examine all brake lines, hoses and connec- 
tions, along with the calipers, wheel cylinders 
and master cylinder (see Section 25). 

20 When checking the fluid level, if you dis- 
cover one or both reservoirs empty or nearly 
empty, the brake hydraulic system should be 
checked for leaks and bled (see Chapter 8). 


Windshie!d washer fluid 


21 Fluid for the front windshield washer 
system is stored in a plastic reservoir in the 
engine compartment. To add fluid, open the 
filler tube cap, add fluid and close the cap. 

22 |n milder climates, plain water can be 
used in the reservoir, but it should be kept no 
more than 2/3 full to allow for expansion if the 
water freezes. In colder climates, use wind- 
shield washer system antifreeze, available 
at any auto parts store, to lower the freezing 
point of the fluid. This comes in concentrated 
or pre-mixed form. If you purchase concen- 
trated antifreeze, mix the antifreeze with 
water in accordance with the manufacturer's 


4.2 Use the tread depth gauge indicator to monitor tire wear -they 
are available at auto parts stores and service stations and are 
relatively inexpensive 


directions on the container. Caution: Do not 
use cooling system antifreeze - it will damage 
the vehicle's paint. 


4 Tire and tire pressure checks 
(every 250 miles or weekly) 


Refer to illustrations 4.2, 4.3, 4.4a, 4.4b 

and 4.8 

1 Periodic inspection of the tires may save 
you the inconvenience of being stranded with 
a flat tire. It can also provide you with vital 
information regarding possible problems in 
the steering and suspension systems before 
major damage occurs. 

2 Tires are equipped with 1/2-inch wide 
bands that will appear when tread depth 
reaches 1/16-inch, at which point the tires can 
be considered worn out. Tread wear can be 
monitored with a simple, inexpensive device 
known as a tread depth indicator (see illus- 
tration). 

3 Note any abnormal tire wear (see illus- 
tration). Tread pattern irregularities such as 
cupping, flat spots and more wear on one 
side that the other are indications of front end 
alignment and/or balance problems. If any of 
these conditions are noted, take the vehicle 
to a tire shop or service station to correct the 
problem. 

4 Look closely for cuts, punctures and 
embedded nails or tacks. Sometimes a tire 
will hold air pressure for a short time or leak 
down very slowly after a nail has embed- 
ded itself in the tread. If a slow leak persists, 
check the valve stem core to make sure it is 
tight (see illustration). Examine the tread for 
an object that may have embedded itself in 
the tire or for a "plug" that may have begun 
to leak (radial tire punctures are repaired with 
a plug that is installed in the puncture). If a 
puncture is suspected, it can be easily verified 
by spraying a solution of soapy water onto the 
puncture (see illustration). The soapy solu- 
tion will bubble if there is a leak. Unless the 
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UNDERINFLATION 


INCORRECT TOE-IN 
OR EXTREME CAMBER 


CUPPING 

Cupping may be caused by: 

* Underinflation and/or mechanical 
irregularities such as out-of-balance 
condition of wheel and/or tire, 
and bent or damaged wheel. 

è Loose or worn steering tie-rod 
or steering idler arm. 


e Loose, damaged or worn front 
suspension parts. 


FEATHERING DUE 
TO MISALIGNMENT 


4.3 This chart will help you determine the condition of the tires, the probable cause(s) of abnormal wear 


and the corrective action necessary 


puncture is unusually large, a tire shop or ser- 
vice station can usually repair the tire. 

5 Carefully inspect the inner sidewall of 
each tire for evidence of brake fluid leakage. If 
you see any, inspect the brakes immediately. 
6 Correct air pressure adds miles to the 
life span of the tires, improves mileage and 
enhances overall ride quality. Tire pressure 
cannot be accurately estimated by looking at 
a tire, especially if it’s a radial. A tire pressure 
gauge is essential. Keep an accurate gauge in 
the glove compartment. The pressure gauges 


4.4a Ifa tire loses air on a steady basis, 
check the valve core first to make sure it's 
snug (special inexpensive wrenches are 

commonly available at auto parts stores) 


attached to the nozzles of air hoses at gas 
stations are often inaccurate. 

7 Always check tire pressure when the 
tires are cold. Cold, in this case, means the 
vehicle has not been driven over a mile in the 
three hours preceding a tire pressure check. 
A pressure rise of four to eight pounds is not 
uncommon once the tires are warm. 

8  Unscrew the valve cap protruding from 
the wheel or hubcap and push the gauge 
firmly onto the valve stem (see illustration). 
Note the reading on the gauge and compare 


corner of the vehicle with the low tire and 
spray a soapy water solution onto the 
tread as the tire is turned slowly - leaks 
will cause small bubbles to appear 


the figure to the recommended tire pressure 
shown in your owner's manual or on the tire 
placard on the passenger side door or door 
pillar. Be sure to reinstall the valve cap to 
keep dirt and moisture out of the valve stem 
mechanism. Check all four tires and, if nec- 
essary, add enough air to bring them to the 
recommended pressure. i 

9 Don’t forget to keep the spare tire 
inflated to the specified pressure (refer to your 
owner’s manual or the placard attached to the 
door pillar). 


4.8 To extend the life of the tires, check 
the pressure at least once a week with 
an accurate tire gauge (don't forget 
the spare tire!) 


6.2 Тһе tools required to change the 
engine oil and filter 


1 Drain pan - It should be fairly shallow 
in depth, but wide to prevent spills 

2 Rubber gloves - When removing the 
drain plug and filter, you will get oil on 
your hands (the gloves help prevent 
burns) 

3 Breaker bar - Sometimes the oil drain 
plug is tight and the long breaker bar is 
needed to loosen it 

4 Socket - То be used with the breaker 
bar or a ratchet (must be the correct 
size to fit the drain plug - six-point 
preferred) 

5 Filter wrench - This is metal band- 
type wrench, which requires clearance 
around the filter to be effective 

6 Filter wrench - This type fits on the 
bottom of the filter and can be turned 
with a ratchet or breaker bar (different 
size wrenches are available for 
different type of filters) 
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6.7 Use a proper size wrench or socket 
to remove the drain plug and avoid 
rounding it off 


5 Owner safety checks (every 
250 miles or weekly) 


1 Most of these checks can be easily per- 
formed while the vehicle is being driven, sim- 
ply by paying attention to the specified items. 
The checks are intended to make the vehicle 
owner aware of potential safety problems 
before they occur. 

2 Check the seat belts for wear, fraying and 
cuts. Make sure the buckles latch securely 
and that the automatic retractors function cor- 
rectly. Do not try to repair seat belts; always 
replace them if any problems are found. 

3 Make sure the ignition key cannot be 
removed when the transmission is in any 
gear other than Park. Make sure the steering 
column locks when the key is removed from 
the ignition. It may be necessary to rotate the 
steering wheel slightly to lock the steering col- 
umn. 

4 Check the parking brake. The easiest 
way to do this is to park on a steep hill, set the 
parking brake and note whether it keeps the 
vehicle from rolling. 

5 Also check the automatic transmission 
Park mechanism. Place the transmission 
in Park, release the parking brake and note 
whether the transmission holds the vehicle 
from rolling. If the vehicle rolls while in Park, 
the transmission should be taken to a quali- 
fied shop for repairs. 

6 Note whether the automatic transmis- 
sion shift indicator shows the proper gear. If it 
doesn't, refer to Chapter 7 for linkage adjust- 
ment procedures. 

7 Маке sure the vehicle starts only in Park 
or Neutral. If it starts in any other gear, refer to 
Chapter 7 for switch adjustment procedures. 
8 Make sure the brakes do not pull to one 
side while stopping. The brake pedal should 
feel firm, but excessive effort should not be 
required to stop the vehicle. If the pedal sinks 
too low, if you have to pump it more than once 
to get a firm pedal, or if pedal effort is too 
high, refer to Chapter 9 for repair procedures. 
A squealing sound from the front brakes may 
be caused by the pad wear indicators. Refer 
to Chapter 9 for pad or brake shoe replace- 
ment procedures. 

9 Rear view mirrors should be clean and 
undamaged. They should hold their position 
when adjusted. 

10 Sun visors should hold their position 
when adjusted. They should remain securely 
out of the way when lifted off the windshield. 
11 . Make sure the defroster blows heated 
air onto the windshield. If it doesn't, refer to 
Chapter 3 for heating system service. 

12 The horn should sound with a clearly 
audible tone every time it is operated. If not, 
refer to Chapter 12. 

13 Маке sure the windows are clean and 
undamaged. 

14 Turn on the lights, then walk around the 
vehicle and make sure they all work. Check 
headlights in both the high beam and low 
beam positions. Check the turn indicators for 
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one side of the vehicle, then for the other side. 
If possible, have an assistant watch the brake 
lights while you push the pedal. If no assistant 
is available, the brake lights can be checked 
by backing up to a wall or garage door, then 
pressing the pedal. There should be three dis- 
tinct patches of red light when the brake pedal 
is pressed. 

15 Make sure door locks operate smoothly 
when the key is turned. Lubricate locks if nec- 
essary with lock lubricant, available at most 
auto parts stores. Make sure all latches hold 
securely. 


6 Engine oil and filter change 
(every 3,000 miles or 3 months) 


Refer to illustrations 6.2, 6.7, 6.12 and 6.16 

1 Frequent oil changes are the most 
important preventive maintenance procedures 
that can be done by the home mechanic. As 
engine oil ages, it becomes diluted and con- 
taminated, which leads to premature engine 
wear. 

2 Make sure that you have all the neces- 
sary tools before you begin this procedure 
(see illustration). You should also have 
plenty of rags or newspapers handy for mop- 
ping up oil spills. 

3 Start the engine and allow it to reach 
normal operating temperature, oil and sludge 
will flow more easily when warm. If new oil, a 
filter or tools are needed, use the vehicle to 
go get them and warm up the engine oil at the 
same time. Park on a level surface and shut 
off the engine when it's warmed up. Remove 
the oil filler cap from the valve cover. 

4 Access to the oil drain plug and filter will 
be improved if the vehicle can be lifted on 
a hoist, driven onto ramps or supported by 
jackstands. Warning: DO NOT work under a 
vehicle supported only by a bumper, hydraulic 
or scissors-type jack - always use jackstands! 
5 Raise the vehicle and support it on jack- 
stands. Make sure it is safely supported! 

6 If you haven't changed the oil on this 
vehicle before, get under it and locate the 
drain plug and the oil filter. The exhaust com- 
ponents will be hot as you work, so note how 
they are routed to avoid touching them. 

7 Being careful not to touch the hot exhaust 
components, position a drain pan under the 
plug in the bottom of the engine. Clean the 
area around the plug, then remove the plug 
(see illustration). It's a good idea to wear an 
old glove while unscrewing the plug the final 
few turns to avoid being scalded by hot oil. It 
will also help to hold the drain plug against the 
threads as you unscrew it, then pull it away 
from the drain hole suddenly. This will place 
your arm out of the way of the hot oil, as well 
as reducing the chances of dropping the drain 
plug into the drain pan. 

8 К may be necessary to move the drain 
pan slightly as oil flow slows to a trickle. 


Inspect the old oil for the presence of metal 
particles. 
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6.12 Тһе oil filter is usually on very tight 
and will require a special oil filter wrench 
to remove it - DO NOT use the wrench 
to tighten the filter 


9 After ail the oil has drained, wipe off the 
drain plug with a clean rag. Any small metal 
particles clinging to the plug would immedi- 
ately contaminate the new oil. 

10 Reinstall the plug and tighten it securely, 
but don't strip the threads. 

11 Move the drain pan into position under 
the oil filter. 

12 Loosen the oil filter by turning it counter- 
clockwise with a filter wrench (see illustra- 
tion). Any standard filter wrench will work. 

13 Sometimes the oil filter is screwed on so 
tightly that it can't be loosened. If it is, punch а 
metal bar or long screwdriver directly through 
it, as close to the engine as possible, and use 
it as a T-bar to turn the filter. Be prepared 
for oil to spurt out of the filter canister as it's 
punctured. 

14 Once the filter is loose, use your hands 
to unscrew it from the block. Just as the fil- 
ter is detached from the block, immediately tilt 
the open end up to prevent oil inside the filter 
from spilling out. Drain residual oil from the fil- 
ter into the drain pan, then place the filter in a 
resealable plastic bag prior to discarding it. 

15 Using a clean rag, wipe off the mounting 
surface on the block. Also, make sure that the 
old seal doesn't remain stuck to the mounting 
surface. 

16 Compare the old filter with the new one 
to make sure they are the same type. Smear 
some clean engine oil on the rubber seal of 
the new filter and screw it into place (see illus- 
tration). Over-tightening the filter will damage 
the seal, so don't use a filter wrench. Most fil- 
ter manufacturers recommend tightening the 
filter by hand only. Normally, they should be 
tightened 3/4-turn after the seal contacts the 
block, but be sure to follow the directions on 
the filter or container. 

17 ‘Remove all tools and materials from 
under the vehicle, being careful not to spill the 
oil in the drain pan, then lower the vehicle. 

18 Add new oil to the engine through the oil 
filler cap in the rocker arm cover. Use a fun- 
nel to prevent oil from spilling onto the top of 
the engine. Pour five quarts of fresh oil into 
the engine. Wait a few minutes to allow the oil 


т m 
6.16 Lubricate the oil filter seal with 
clean engine oil before installing 
the filter on the engine 


to drain into the pan, then check the level on 
the dipstick (see Section 3 if necessary). If the 
oil level is in the SAFE range, install the filler 
cap. 

19 Start the engine and run it for about a 
minute. While the engine is running, look 
under the vehicle and check for leaks at the 
oil pan drain plug and around the oil filter. 
If either one is leaking, stop the engine and 
tighten the plug or filter slightly. Protect your 
hands as the oil filter may be hot already. 

20 Wait a few minutes, then recheck the 
level on the dipstick. Add oil as necessary to 
bring the level into the SAFE range. 

21 During the first few trips after an oil 
change, make it a point to check frequently for 
leaks and proper oil level. 

22 Тһе old oil drained from the engine can- 
not be reused in its present state and should 
be discarded. Oil reclamation centers, auto 
repair shops and gas stations will normally 
accept the oil, which can be recycled. After 
the oil has cooled, it can be drained into a 
container (plastic jugs, bottles, milk cartons, 
etc.) for transport to an authorized disposal 
site. 


7 Power steering fluid level check 
(every 3,000 miles or 3 months) 


Refer to illustrations 7.2 and 7.5 

1 Check the power steering fluid level peri- 
odically to avoid steering system problems, 
such as damage to the pump. Caution: DO 
NOT hold the steering wheel against either 
stop (extreme left or right turn) for more than 
five seconds. If you do, the power steering 
pump could be damaged. 

2 The power steering pump, located at the 
left (driver's side) front corner of the engine 
on all models, is equipped with a twist-off cap 
with an integral fluid level dipstick (see illus- 
tration). 

3 Park the vehicle on level ground and 
apply the parking brake. 

4 Run the engine until it has reached nor- 
mal operating temperature. With the engine 
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7.2 Typical location of power steering 
pump cap (arrow) (1992 through 
1996 model shown) 


at idle, turn the steering wheel back-and-forth 
several times to get any air out of the steering 
system. Shut the engine off, remove the cap 
by turning it counterclockwise, wipe the dip- 
stick clean and reinstall the cap (make sure it 
is seated). 

5 Remove the cap again and note the fluid 
level. It must be between the two lines desig- 
nating the FULL HOT range (see illustration) 
(be sure to use the proper temperature range 
on the dipstick when checking the fluid level - 
the FULL COLD lines on the reverse side of 
the dipstick are only usable when the engine 
is cold). Note: 1997 through 2001 models are 
equipped with a power steering oil reservoir 
mounted on the left side radiator support. 
Unscrew the cap and follow the same proce- 
dure as early models to check the fluid level. 
6 — Add small amounts of fluid until the level 
is correct. Caution: Do not overfill the pump. 
If too much fluid is added, remove the excess 
with a clean syringe or suction pump. 

7 Check the power steering hoses and 
connections for leaks and wear (see Sec- 
tion 10). 

8 Check the condition and tension of the 
serpentine drivebelt (see Section 11). 


7.5 Check the power steering fluid level 
with the engine at normal operating 
temperature - fluid should not go above 
the Full Hot mark 
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8 Automatic transmission fluid 
check/change (check every 
3,000 miles or 3 months - change 
every 30,000 miles or 24 months) 


Caution: The use of transmission fluid other 
than the type listed in this Chapter’s Specifi- 
cations could result in transmission malfunc- 
tions or failure. 


Fluid level check 

Refer to illustrations 8.5 and 8.6 

1 The automatic transmission fluid should 
be carefully maintained. Low fluid level can 
lead to slipping or loss of drive, while overfill- 
ing can cause foaming and loss of fluid. Either 
condition can cause transmission damage. 

2 Since transmission fluid expands as 
it heats up, the fluid level should only be 
checked when the transmission is warm (at 
normal operating temperature). If the vehicle 
has just been driven over 20 miles (32 km), 
the transmission can be considered warm. 
Caution: /f the vehicle has just been driven 
for a long time at high speed or in city traf- 
fic, in hot weather, or if it has been pulling a 
trailer, an accurate fluid level reading cannot 
be obtained. Allow the transmission to cool 
down for about 30 minutes. You can also 


8.5 Make sure the 
area around the 


transmission dipstick 
is clean, then pull it out 
of the tube 


8.6 Maintain the transmission fluid at the proper level 
on the dipstick 


check the transmission fluid level when the 
transmission is cold. If the vehicle has not 
been driven for over five hours and the fluid 
is about room temperature (70 to 95-degrees 
F), the transmission is cold. However, the fluid 
level is normally checked with the transmis- 
sion warm to ensure accurate results. 

3 Immediately after driving the vehicle, 
park it on a level surface, set the parking 
brake and start the engine. While the engine 
is idling, depress the brake pedal and move 
the selector lever through all the gear ranges, 
beginning and ending in Park. 

4 Locate the automatic transmission dip- 
stick tube in the engine compartment. On 
some models, it is necessary to remove the 
rear panel of the air filter housing to access 
the dipstick. 

5 With the engine still idling, pull the dip- 
stick away from the tube (see illustration), 
wipe it off with a clean rag, push it all the way 
back into the tube and withdraw it again, then 
note the fluid level. 

6 If the transmission is cold, the level 
should be in the room temperature range on 
the dipstick (between the two half-circles); if 
its warm, the fluid level should be in the oper- 
ating temperature range (within the cross- 
hatched area) (see illustration). If the level is 
low, slowly add the specified automatic trans- 


8.14 Remove the bolts around the rear and sides 
of the transmission рап... 
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mission fluid through the dipstick tube - use a 
clean funnel to prevent spills. 

7 Add just enough of the recommended 
fluid to fill the transmission to the proper level. 
It takes about one pint to raise the level from 
the low mark to the high mark when the fluid 
is hot, so add the fluid a little at a time and 
keep checking the level until it's correct. 

8 Тһе condition of the. fluid should also 
be checked along with the level. If the fluid 
is black or a dark reddish-brown color, or if it 
smells burned, it should be changed. If you 
are in doubt about its condition, purchase 
some new fluid and compare the two for color 
and smell. 


Fluid change 

Refer to illustrations 8.14, 8.15, 8.16, 8.17 
and 8.18 

9  Atthe specified intervals, the transmis- 
sion fluid should be drained and replaced. 
Since the fluid will remain hot long after driv- 
ing, perform this procedure only after the 
engine has cooled down completely. 

10 Before beginning work, purchase the 
specified quantity of transmission fluid (see 
Recommended lubricants and fluids at the 
front of this Chapter), a new filter and gasket. 
Never reuse the old filter or gasket! 

11 Other tools necessary for this job include 
jackstands to support the vehicle in a raised 
position, a drain pan capable of holding at 
least eight quarts, newspapers and clean 
rags. 

12 Raise the vehicle and support it securely 
on jackstands. DO NOT crawl! under the vehi- 
cle when it is supported only by a jack! Place 
the drain pan beneath the transmission. 

13 Loosen, but do not remove, all transmis- 
sion pan bolts. 

14 Carefully pry the transmission pan loose 
with a screwdriver. Let the pan hang down so 
the fluid can drain (see illustration). Don't 
damage the pan or transmission gasket sur- 
faces or leaks could develop. 

15 With the drain pan in place, remove the 
mounting bolts from the rear and both sides of 
the transmission fluid pan (see illustration) 
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8.15 ... and let the front of the pan hang down and drain 


Drain as much fluid as possible from the pan. 
16 Remove the front pan bolts, pan and 
gasket. Carefully clean the gasket surface 
of the transmission to remove all traces of 
the old gasket and sealant (see illustra- 
tion). Note: Upon initial service, many of the 
transmissions from 1997 and later will have 
a plastic plug lying in the bottom of the pan. 
This plug was used to keep out contamination 
while on the assembly line. Discard the fac- 
tory installed dust plug. 
17 Remove the old filter from the transmis- 
sion (see illustration). If the filter seal did 
not come out with the filter, remove it from 
the transmission being careful not to gouge 
- the seal bore. Note: On most 2000 and later 
models, the transmission fluid filter can be 
replaced every other fluid change. Some 
models have an inline external transmission 
fluid filter, which should be changed at every 
fluid change interval. 
18 Install a new seal and filter (see illustra- 
tion). 


8.17 Pull straight down on the filter to remove it 


8.16 Discard the factory installed dust plug. This plug will be in 


the pan if this is the first time the fluid has been changed 


19 Drain the fluid from the transmission 
pan, clean it with solvent and dry it with com- 
pressed air. 

20 Make sure the gasket surface on the 
transmission pan is clean, then install a new 
gasket. Put the pan in place against the trans- 
mission and install the bolts. Working around 
the pan, tighten each bolt a little at a time until 
the torque listed in this Chapter's Specifica- 
tions is reached. Don't overtighten the bolts! 
Note: On 2000 and later models, the fluid pan 
gasket is reusable if it isn't damaged during 
pan removal. 

21 Lower the vehicle and add automatic 
transmission fluid through the filler tube. Cau- 
tion: Refer to the Specifications at the front 
of this Chapter for the correct type of trans- 
mission fluid. Use of the wrong type or the 
wrong amount can cause transmission dam- 
age. Transmission capacities are listed with 
the torque converter drained. Since the torque 
converter cannot be drained without removing 
the transmission from the vehicle, it is best to 


measure the amount drained for an approxi- 
mate refill amount. 

22 With the transmission in Park and the 
parking brake set, run the engine at a fast 
idle, but don't race it. 

23 Move the gear selector through each 
range and back to Park. Check the fluid level. 
Add fluid if needed to reach the correct level. 
24 Check under the vehicle for leaks after 
the first few trips. 


9 Tire rotation (every 6,000 miles or 
6 months) 


Refer to illustration 9.2 

1 The tires should be rotated at the speci- 
fied intervals and whenever uneven wear is 
noticed. Since the vehicle will be raised and 
the tires checked anyway, check the brakes 
also (see Section 25). 

2 Radial tires must be rotated іп a specific 


8.18 Install a new seal on the transmission filter 
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RADIAL TIRE ROTATION 


9.2 Tire rotation pattern 
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11.2 The belt's pathway is illustrated іп a decal on 
the radiator support 


pattern (see illustration). If your vehicle is 
equipped with a temporary or compact spare, 
don't include it in the rotation pattern. 

3 Refer to the information in Jacking and 
towing at the front of this manual for the 
proper procedure to follow when raising the 
vehicle and changing a tire. 

4 The vehicle must be raised on a hoist or 
supported on jackstands to get all four tires off 
the ground. Make sure the vehicle is safely sup- 
ported! If the brakes are to be checked, release 
the parking brake after the vehicle is supported. 
5 After the rotation procedure is finished, 
check and adjust the tire pressures as neces- 
sary and be sure to tighten the lug nuts to the 
torque listed in this Chapter's Specifications. 


10 Underhood hose check and 
replacement (every 15,000 miles 
or 12 months) 


Warning: Replacement of air conditioning 
hoses must be left to a dealer service depart- 
ment or air conditioning shop that has the 
equipment to depressurize the system safely 
and properly recover the refrigerant, Never dis- 
connect air conditioning hoses or components 
until the system has been depressurized. 


General 

1 High temperatures under the hood, and 
engine cover, can cause deterioration of the 
rubber and plastic hoses used for engine, 
accessory and emission systems operation. 
Periodic inspection should be made for cracks, 
loose clamps, material hardening and leaks. 

2 Information specific to the cooling sys- 
tem can be found in Section 22. 

3 Most (but not all) hoses are secured to 
the fitting with clamps. Where clamps are 
used, check to be sure they haven't lost their 
tension, allowing the hose to leak. If clamps 
aren't used, make sure the hose has not 
expanded and/or hardened where it slips over 
the fitting, allowing it to leak. 


PCV system hose 


4  Toreduce hydrocarbon emissions, crank- 


case blow-by gas is vented through the PCV 
valve to the intake manifold via a neoprene 
hose on most models. The blow-by gases mix 
with incoming air in the intake manifold before 
being burned in the combustion chambers. 

5 Check the PCV hose for cracks, leaks 
and other damage. Disconnect it from the 
valve cover and the intake manifold and check 
the inside for obstructions. If it's clogged, 
clean it out with solvent. 


Vacuum hoses 

6 It's quite common for vacuum hoses, 
especially those in the emissions system, to 
be color coded or identified by colored stripes 
molded into them. Various systems require 
hoses with different wall thickness, collapse 
resistance and temperature resistance. 
When replacing hoses, be sure the new ones 
are made of the same material. A number 
of hoses connect to a vacuum fitting on the 
intake manifold. 

7 Often the only effective way to check 
a hose is to remove it completely from the 
vehicle. If more than one hose is removed, be 
sure to label the hoses and fittings to ensure 
correct installation. 

8 When checking vacuum hoses, be sure 
to include any plastic T-fittings in the check. 
inspect the fittings for cracks and the hose 
where it fits over each fitting for distortion, 
which could cause leakage. 

9 A small piece of vacuum hose can be 
used as a stethoscope to detect vacuum leaks. 
Hold one end of the hose to your ear and probe 
around vacuum hoses and fittings, listening for 
the "hissing" sound characteristic of a vacuum 
leak. Warning: When probing with the vacuum 
hose stethoscope, be careful not to come into 
contact with movíng engine components such 
as the drivebelt, cooling fan, etc. 


Fuel hoses 


Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work in a garage where a 
gas-type appliance (such as a water heater or 
a clothes dryer) is present. Since gasoline is 


carcinogenic, wear fuel-resistant gloves when 
there's a possibility of being exposed to fuel, 
and, if you spill any fuel on your skin, rinse it off 
immediately with soap and water. Mop up any 
spills immediately and do not store fuel-soaked 
rags where they could ignite. The fuel system 
is under constant pressure, so, if any fuel lines 
are to be disconnected, the fuel pressure in the 
system must be relieved first (see Chapter 4). 
When you perform any kind of work on the fuel 
system, wear safety glasses and have a Class 
B type fire extinguisher on hand. 

10 The fuel lines are usually under pressure, 
so if any fuel lines are to be disconnected be 
prepared to catch spilled fuel. 

11 Check all neoprene fuel lines for deterio- 
ration and chafing. Check especially for cracks 
in areas where the hose bends and just before 
fittings, such as where a hose attaches to the 
fuel pump, fuel filter or fuel injection system. 
12 High quality fuel line, usually identified 
by the word Fluoroelastomer printed on the 
hose, shouid be used for fuel line replace- 
ment. Never, under any circumstances, use 
unreinforced vacuum line, clear plastic tubing 
or water hose for fuel lines. 

13  Spring-type clamps are commonly used 
on fuel lines. These clamps often lose their 
tension over a period of time, and can be 
"sprung" during removal. Replace all spring- 
type clamps with screw clamps whenever a 
hose is replaced. 


Metal lines 


14 Sections of metal line are often used for 
fuel line between the fuel pump and fuel injec- 
tion system. Check carefully to make sure the 
line isn't bent, crimped or cracked. 

15 If a section of metal fuel line must be 
replaced, use seamless steel tubing only, 
since copper and aluminum tubing do not 
have the strength necessary to withstand the 
vibration caused by the engine. 

16 Check the metal brake lines where they 
enter the master cylinder and brake propor- 
tioning unit (if used) for cracks in the lines and 
loose fittings. Any sign of brake fluid leakage 
calls for an immediate thorough inspection of 
the brake system. 
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Nylon fuel lines 

17 Nylon fuel lines are used at several 
. points in fuel injection systems. These lines 
require special materials and methods for 
repair. Refer to Chapter 4 for details. 


Power steering hoses 
18 Check the power steering hoses for 
leaks, loose connections and worn clamps. 
Tighten loose connections. Worn clamps or 
leaky hoses should be replaced. 


11 Drivebelt check, adjustment 
and replacement and tensioner 
replacement (check every 15,000 
miles or 12 months - replace 
every 60,000 miles or 48 months) 


Refer to illustrations 11.2, 11.3, 11.5a and 11.5b 
1 Тһе accessory drivebelt is located at 
the front of the engine. The single serpentine 
һе! drives the water pump, alternator, power 
steering pump and air conditioning compres- 
sor. The condition and tension of the drivebelt 
is critical to the operation of the engine and 
accessories. Excessive tension causes bear- 
ing wear, while insufficient tension produces 
slippage, noise, component vibration and belt 
failure. Because of their composition and the 
high stress to which they are subjected, drive 
belts stretch and continue to deteriorate as 
they get older. As a result, they must be peri- 
odically checked. The serpentine belt has an 
automatic tensioner and requires no adjust- 
ment for the life of the belt. 


Check 


2 These vehicles use a singie multi-ribbed 
belt to drive all of the accessories. This is 
known as a "serpentine" belt because of the 
winding path it follows between various drive, 
accessory and idler pulleys (see illustration). 

3 With the engine off, open the hood and 
locate the drivebelt at the front of the engine. 


Г — A 


11.5a To release the tension on the belt on 1992 through 1996 
models, place a wrench оп the pulley center bolt (arrow) and 


ACCEPTABLE 


Cracks Running Across 
"V" Portions of Belt 


UNACCEPTABLE 


Missing Two or More Adjacent 
Ribs 1/2" or longer 


Cracks Running Parallel 
to "V" Portions of Belt 


11.3 Small cracks in the underside of the multi-ribbed belt are acceptable - 
lengthwise cracks, or missing pieces that can cause the belt to 
make noise, are cause for replacement 


With a flashlight, check the belt for separation of 
the plies from each side of the core, a severed 
core, separation of the ribs, torn or worn ribs. 
Also check for fraying and glazing, which gives 
the belt a shiny appearance. Small cracks in 
the rib side of multi-ribbed belts are acceptable, 
as are small sections missing from the ribs. If a 
multi-ribbed beit has lost sections bigger than 
1/2-inch (13 mm) from two adjacent ribs, or if 
the missing sections cause belt noise, the belt 
should be replaced (see illustration). Both 
sides of the belt should be inspected, which 
means you'll have to twist it to check the under- 
side. Use your fingers to feel the belt where you 
can't see it. If any of the above conditions are 
evident, replace the belt as described below. 


rotate the pulley counterclockwise 


11.5b To release tension on the belt on 2000 and later models, 
insert a ratchet into the square drive on the tensioner arm and 
rotate the tension (clockwise on some models, counterclockwise 
on later models) - there are many variations depending on engine 
size, A/C equipped, etc., so be sure to refer to the belt diagram on 


Adjustment 

4 Tension is set by an automatic tensioner. 
Manual adjustment is not required. To verify 
that belt tensioner is working properly and 
the belt has not stretched beyond use; check 
the belt length indicator mark on the drive 
belt tensioner. The belt length indicator mark 
must fall between the minimum and maximum 
marks on the belt tensioner (see illustration). 
Replace the beit if the belt mark is not within 
the belt tensioner marks. 


Replacement 

5 То replace a serpentine belt, rotate the 
tensioner to lift it off the belt (see illustra- 
tions). Slip the belt off the pulleys. 


ылы А ey 


the vehicle 
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6 Hold the tensioner in the released posi- 
tion. Install a new belt and make sure it is 
routed correctly (see illustration 11.2). Be 
sure the ribs of the new belt engage the pulley 
ribs correctly. Release the tensioner, but do 
not allow it to snap back on to the belt as this 
may damage the tensioner. 


Tensioner replacement 

Refer to illustration 11.9 

7 | Remove the drivebelt (see Steps 1 to 6). 
8 Оп 4.21, 4.9L, 5.01, 5.8L and 7.5L 
engines, remove the bolt in the center of the 
tensioner, then detach the tensioner from the 
engine. Caution: Do not remove the drivebelt 
tensioner pulley bolt. This bolt is used strictly 
to rotate the tensioner away from the drivebelt 
when removing and installing a new belt. 

9 On4.6L, 5.41 апа 6.8L engines, remove 
the three bolts securing the tensioner to the 
engine (see illustration). 

10 Remove the tensioner from the engine. 
11 Installation is the reverse of removal. 
Tighten the tensioner mounting bolt(s) to the 
torque listed in this Chapter's Specifications. 


12 Battery check, maintenance and 
charging (every 6,000 miles 
or 6 months) 


Refer to illustrations 12.1, 12.4, 12.8a, 12.8b, 
12.8c and 12.8d 


Check and maintenance 

Warning: Certain precautions must be followed 
when checking and servicing the battery. Hydro- 
gen gas, which is highly flammable, is always 
present in the battery cells, so keep lighted 
tobacco and all other flames and sparks away 
from it. The electrolyte inside the battery is actu- 
ally dilute sulfuric acid, which will cause injury 
if splashed on your skin or in your eyes. It will 
also ruin clothes and painted surfaces. When 
removing the battery cables, always detach the 
negative cable first and hook it up last! 


12.1 Tools and materials required for battery maintenance 


1 Face shield/safety goggles - When removing corrosion with a brush, the 
acidic particles can easily fly up into your eyes 
2 Baking soda - A solution of baking soda and water can be used to 


neutralize corrosion 


3 Petroleum jelly - A layer of this on the battery posts will help prevent 


corrosion 


4 Battery post/cable cleaner - This wire brush cleaning tool will remove all 
traces of corrosion from the battery posts and cable clamps 

5 Treated felt washers - Placing one of these on each post, directly under 
the clamps, will help prevent corrosion 

6  Puller - Sometimes the cable clamps are very difficult to pull off the posts, 
even after the nut/bolt has been completely loosened. This tool pulls the 
clamp straight up and off the post without battery damage 

7 Battery post/cable cleaner - Here is another cleaning tool which is a 
slightly different version of number 4 above, but it does the same thing 

8 Rubber gloves - Another safety item to consider when servicing the 
battery; remember that's acid in the battery! 


11.9 Drivebelt tensioner mounting boits 
(5.4L V8 engine) 


1 Battery maintenance is an important 
procedure which will help ensure that you are 
not stranded because of a dead battery. Sev- 
eral tools are required for this procedure (see 
illustration). 

2 Before servicing the battery, always turn 
the engine and all accessories off and discon- 
nect the cable from the negative terminal of 
the battery. 

3 А sealed (sometimes called mainte- 
nance free) battery is standard equipment. 
The cell caps cannot be removed, no electro- 
lyte checks are required and water cannot be 
added to the cells. However, if an aftermarket 
battery has been installed and it is a type that 
requires regular maintenance, the following 
procedures can be used. 

4 Check the electrolyte level in each of 
the battery cells (see illustration). It must be 
above the plates. There's usually a split-ring 
indicator in each cell to indicate the correct 
level. If the level is low, add distilled water only, 
then install the cell caps. Caution: Overfilling 
the cells may cause electrolyte to spill over 
during periods of heavy charging, causing cor- 
rosion and damage to nearby components. 

5 һе positive terminal and cable clamp on 
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your vehicle's battery is equipped with a rubber 
protector, make sure that it's not torn or dam- 
aged. It should completely cover the terminal. 

6 Тһе external condition of the battery 
should be checked periodically. Look for dam- 
age such as a cracked case. 

7 Check the tightness of the battery cable 
clamps to ensure good electrical connections 
and inspect the entire length of each cable, 
looking for cracked or abraded insulation and 
frayed conductors. 

8 If corrosion (visible as white, fluffy depos- 
its) is evident, remove the cables from the ter- 
minals, clean them with a battery brush and 
reinstall them (see illustrations). Corrosion 
can be kept to a minimum by installing spe- 
cially treated washers available at auto parts 
stores or by applying a layer of petroleum jelly 
or grease to the terminals and cable clamps 
after they are assembled. 

9 Make sure that the battery carrier is in 
good condition and that the hoid-down clamp 
bolt is tight. If the battery is removed (see 
Chapter 5 for the removal and installation 
procedure), make sure that no parts remain in 
the bottom of the carrier when it's reinstalled. 
When reinstalling the hoid-down clamp, don't 
overtighten the bolt. 

10 Corrosion on the carrier, battery case 
and surrounding areas can be removed with 
a solution of water and baking soda. Apply the 
mixture with a small brush, let it work, then 
rinse it off with plenty of clean water. 

11 Any metal parts of the vehicle damaged 
by corrosion should be coated with a zinc- 
based primer, then painted. 

12 Additional information on the battery and 
jump starting can be found in Chapter 5 and 
the front of this manual. 


Charging 

Warning: When batteries are being charged, 
hydrogen gas, which is very explosive and flam- 
mable, is produced. Do not smoke or allow open 
flames near a charging or recently charged bat- 
tery. Wear eye protection when near the battery 
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12.4 Remove the cell caps to check the 
water level in the battery - if the level is 
low, add distilled water only 


during charging. Also, make sure the charger is 
unplugged before connecting or disconnecting 
the battery from the charger. 

13 Remove all of the cell caps (if equipped) 
and cover the holes with a clean cloth to pre- 
vent spattering electrolyte. Disconnect the 
negative battery cable and hook the battery 
charger leads to the battery posts (positive 
to positive, negative to negative), then plug in 
the charger. Make sure it is set at 12-volts if it 
has a selector switch. 

14 If you're using a charger with a rate 
higher than two amps, check the battery regu- 
larly during charging to make sure it doesn't 
overheat. If you're using a trickle charger, you 
can safely let the battery charge overnight 
after you've checked it regularly for the first 
couple of hours. 

15 If the battery has removable cell caps, 
measure the specific gravity with a hydrom- 
eter every hour during the last few hours of 
the charging cycle. Inexpensive hydrometers 
are available from auto parts stores, follow 
the instructions with the hydrometer. Consider 
the battery charged when there's no change 
in the specific gravity reading for two hours 
and the electrolyte in the cells is gassing (bub- 
bling) freely. The specific gravity reading from 


| | 3 
12.8c Regardless of the type of tool 
used on the battery posts, a clean, shiny 


surface should be the result 


12.8a Battery terminal corrosion appears 
as light, fluffy powder 


each cell should be very close to the others. If 
not, the battery probably has a bad cell(s). 

16 Some batteries with sealed tops have 
built-in hydrometers on the top that indicate the 
state of charge by the color displayed in the 
hydrometer window. Normally, a bright-colored 
hydrometer indicates a full charge and a dark 
hydrometer indicates the battery needs charg- 
ing. Check the battery manufacturer's instruc- 
tions to be sure you know what the colors mean. 
17 ІГіһе battery has a sealed top and по 
built-in hydrometer, you can hook up a volt- 
meter across the battery terminals to check 
the charge. A fully charged battery should 
read 12.6-volts or higher. 

18 Further information on the battery and 


jump starting can be found in Chapter 5 and . 


at the front of this manual. 


13 Spark plug and wire check and 
replacement (every 30,000 miles 
or 24 months) 


Note: Spark plug replacement is recom- 
mended every 30,000 miles or 24 months 
while spark plug wire replacement is recom- 
mended every 60,000 miles or 48 months. 


12.8d When cleaning the cable clamps, all 

corrosion must be removed (the inside of 

the clamp is tapered on the post, so don't 
remove too much material) 


12.8b Removing the cable from a 
battery post with a wrench - sometimes 
a special battery puller is required for 
this procedure if corrosion has caused 
deterioration of the nut hex (always 
remove the ground cable first 
and hook it up last!) 


Spark plugs 

Refer to illustrations 13.2, 13.5a, 13.5b, 
13.6a, 13.6b, and 13.10. 

1 Vehicles equipped with the pushrod 
engines (4.2L, 4.9L, 5.0L, 5.8L and 7.5L) 
have the spark plugs located on the sides 
of the engine. Vehicles equipped with OHC 
engines (4.6L, 5.4L and 6.8L) have the spark 
plugs located at the top of the engine. 

2 |n most cases, the tools necessary for 


13.2 Tools required for changing 
spark plugs 


1 Spark plug socket - This socket has 
a special rubber boot inside to protect 
the spark plug porcelain insulator 

2 Torque wrench - Although not 
mandatory, use of a torque wrench 
will ensure the plugs are tightened 
properly 

3 Ratchet - Standard hand tool for use 
with the spark plug socket 

4 Extension - Depending on the model 
and accessories, you may need an 
extension and universal joint to reach 
one or more plugs 

5 Spark plug gap gauge - This tool is 
essential for checking and adjusting 
the spark plug electrode gap 
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spark plug replacement include а spark plug 
socket which fits into a ratchet (spark plug 
sockets are padded inside to prevent damage 
to the porcelain insulators on the new plugs 
and to hold the plugs in the socket during 
removal and installation), various extensions 
and a gap gauge to check and adjust the gaps 
on the new plugs (see illustration). A special 
plug wire removal tool is available for separat- 
ing the wire boots from the spark plugs, but 
it isn't absolutely necessary. A torque wrench 
should be used to tighten the new plugs. 

3 The best approach when replacing the 
spark plugs is to purchase the new ones іп 
advance, adjust them to the proper gap and 
replace the plugs one at a time. When buy- 
ing the new spark plugs, be sure to obtain the 
correct type for your particular engine. This 
information can usually be found on the Vehi- 
cle Emission Control Information label located 
under the hood, in the vehicle owner's manual 
and in this Chapter's Specifications. If differ- 
ences exist between the plug specified on the 
emissions label and in the owner's manual, 
assume the emissions label is correct. 

4 Allow the engine to cool completely 
before attempting to remove any of the plugs. 
While you are waiting for the engine to cool, 
check the new plugs for defects and adjust 
the gaps. 

5 The gapis checked by inserting the proper 
thickness gauge between the electrodes at 


— 7 TWIST AND PULL 


13.6a When removing the spark plug 
wires, puil only on the boot and twist it 
back-and-forth 
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13.66 On some later models, the coil pack must Бе removed to 
access the spark plugs - disconnect the electrical connector (A) 
and remove the coil pack retaining screw (B) - pull straight 


13.5a Spark plug manufacturers 
recommend using a wire type feeler gauge 
when checking the gap - if the wire does 
not slide between the electrodes with a 
slight drag, adjustment is required 


the tip of the plug (see illustration). The gap 
between the plugs should be the same as the 
one specified on the Vehicle Emissions Control 
Information label or in this Chapter's Speci- 
fications. The gauge wire should just slide 
between the electrodes with a slight amount of 
drag. If the gap is incorrect, use the adjuster on 
the gauge body to bend the curved side elec- 
trode slightly until the specified gap is obtained 
(see illustration). If the side electrode is not 
exactly over the center electrode, bend it with 
the adjuster until it is. Check for cracks in the 
porcelain insulator (if any are found, the plug 
should not be used). 

6 With the engine cool, remove the spark 
plug wire from one spark plug. Pull only on 
the boot at the end of the wire - do not pull on 
the wire. A plug wire removal tool should be 
used if available (see illustration). On 2000 
and later models, the overhead cam engines 
are equipped with individual coils, which must 
be removed first to access the spark plugs. 
These models do not have secondary spark 
plug wires (see illustration). 

7 lf compressed air is available, use it to 
blow any dirt or foreign material away from 


up and out to remove the coil pack 
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13.5b To adjust the gap, bend the side 
electrode only, as indicated by the arrows, 
and be very careful not to crack or chip 
the porcelain insulator surrounding the 
center electrode 


the spark plug hole. A common bicycle pump 
will also work. The idea here is to eliminate 
the possibility of debris falling into the cylinder 
as the spark plug is removed. 

8 Place the spark plug socket over the 
plug and remove it from the engine by turning 
in a counterclockwise direction. 

9 Compare the spark plug to those shown 
on the inside back cover of this manual to get 
an indication of the general running condition 
of the engine. 

10 Thread one of the new plugs into the 
hole until you can no longer turn it with your 
fingers, then tighten it to the torque listed in 
this Chapter's Specifications. It’s a good idea 
to slip a short length of rubber hose over the 
end of the plug to use as a tool to thread it into 
place (see illustration). The hose will grip the 
plug well enough to turn it, but will start to slip 
if the plug begins to cross-thread in the hole 
- this will prevent damaged threads and the 
accompanying repair costs. 

11 Before pushing the spark plug wire onto 
the end of the plug, inspect it following the 
procedures outlined below. 

12 Attach the plug wire to the new spark 


13.10 A length of snug-fitting rubber hose will save time and 
prevent damaged threads when installing the spark plugs 
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14.1 Shown here are some of 
the common defects to look for 
when inspecting the distributor 

cap (if in doubt about its 
condition, install a new one) 


BROKEN OR | 


CARBON 
TRACK 


plug, again using a twisting motion on the 
boot until it is seated on the spark plug. 
13 Repeat the procedure for the remaining 
spark plugs, replacing them one at a time to 
prevent mixing up the spark piug wires. 


Spark plug wires 

Note 1: Every time a spark plug wire is 
detached from a spark plug, the distributor 
cap or the coil, silicone dielectric compound 
(a white grease available at auto parts stores) 
should be applied to the inside of each boot 
before reconnection to seal out moisture and 
ensure a good electrical connection. Use a 
small standard screwdriver to coat the entire 
inside surface of each boot with a thin layer of 
the compound. 

Note 2: 2000 and later engines have individ- 
ual coils for each spark plug and do not have 
secondary plug wires. 

14 The spark plug wires should be checked 
and, if necessary, replaced at the same time 
new spark plugs are installed. 

15 The easiest way to identify bad wires 
is to make a visual check while the engine 
is running. In a dark, well-ventilated garage, 
start the engine and look at each plug wire. 
Be careful not to come into contact with any 
moving engine parts. If there is a break in the 
wire, you will see arcing or a small spark at 
the damaged area. If arcing is noticed, make 
a note to obtain new wires. 

16 The spark plug wires should be inspected 
one at a time, beginning with the spark plug 
for the number one cylinder (the cylinder clos- 
est to the radiator on the right-side bank on 
V-8 models), to prevent confusion. Clearly 
label each original plug wire with a piece of 
tape marked with the correct number. The 
plug wires must be reinstalled in the correct 
order to ensure proper engine operation. 

17 Disconnect the spark plug wire from the 
first spark plug. A removal tool can be used 
(see illustration 13.6), or you can grab the 
wire boot, twist it slightly and pull the wire 
free. Do not pull on the wire itself, only on the 
rubber boot. 

18 Push the wire and boot back onto the end 
of the spark plug. It should fit snugly. If it doesn't, 
detach the wire and boot once more and use a 
pair of pliers to carefully crimp the metal con- 


SM 
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14.2 Check the 
rotor for cracks 
and carbon 
tracks and 
make sure the 
center terminal 
spring tension 


CARBON TRACK 
= is adequate - if 
the rotor tip 
is burned or 
corroded, install 


a new rotor 


CHARRED 
| TERMINALS 
WORN OR 
DAMAGED 
ROTOR 
BUTTON 


nector inside the wire boot until it does. 

19 Using a clean rag, wipe the entire length 
of the wire to remove built-up dirt and grease. 
20 Once the wire is clean, check for burns, 
cracks and other damage. Do not bend the 
wire sharply or you might break the conduc- 
tor. 

21 Disconnect the wire from the distributor. 
Again, pull only on the rubber boot. Check for 
corrosion and a tight fit. Replace the wire in 
the distributor. 

22 Inspect each of the remaining spark plug 
wires, making sure that each one is securely 
fastened at the distributor and spark plug 
when the check is complete. 

23 If new spark plug wires are required, pur- 
chase a set for your specific engine model. 
Pre-cut wire sets with the boots already 
installed are available. Remove and replace 
the wires one at a time to avoid mix-ups in the 
firing order. 


14 Distributor cap and rotor check 
and replacement (every 
30,000 miles or 24 months) 


Refer to illustrations 14.1 and 14.2 

Note: This maintenance procedure applies 
only to vehicles equipped with the ТҒІ-ІУ igni- 
tion system (1992 through 1996 models). 

1 Remove the mounting screws and 
detach the cap from the distributor. Check it 
for cracks, carbon tracks and worn, burned or 
loose terminals (see illustration). 


15.3 Lubricate the shift cable 
pivot (arrow) 


INSUFFICIENT 
SPRING TENSION 


ROTOR 
TIP 


CORRODED 


2 Check the rotor for cracks and carbon 
tracks. make sure the center terminal spring 
tension is adequate and look for corrosion 
and wear on the rotor tip (see illustration). 

3 Replace the cap and rotor if damage or 
defects are found. 

4 When installing a new cap, remove the 
wires from the old cap one at a time and 
attach them to the new cap in exactly the 
same location. Do not simultaneously remove 
all the wires from the old cap or firing order 
mix-ups may occur. 


15 Automatic transmission shift 
cable linkage, throttle valve 
(TV) cable ends and lever ball 
lubrication (every 6,000 miles 
or 6 months) 


Refer to illustration 15.3 

1 Open the hood and locate the shift cable 
pivot point on the steering column. Also locate 
the cable end and pivot point on the transmis- 
sion lever (raise the vehicle and support it 
securely on jackstands, if necessary). 

2 Clean the cable ends and pivot points. 

3 Carefully pry the cable end off the pivot 
point and lubricate the pivot point with multi- 
purpose grease (see illustration). 

4 On models so equipped, carefully pry 
the cable end off the throttle valve (TV) cable 
ends and lever ballstud, then lubricate the 
stud with multi-purpose grease. Reconnect 
the cable. 
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16.1 Materials required for chassis апа 
body lubrication 


1 Engine ой - Light engine ой in а can 
like this сап be used for door and hood 
hinges 

2 Graphite spray - Used to lubricate 
lock cylinders 

3 Grease - Grease, in a variety of types 
and weights, is available for use in a 
grease gun. Check specifications for 
your requirements. 

4 Grease gun - A common grease 
gun, shown with a detachable hose 
and nozzle, is needed for chassis 
lubrication. After use, clean it 
thoroughly!. 


16 Chassis lubrication (every 
6,000 miles or 6 months) 


Refer to illustrations 16.1, 16.6a, 16.6b, 16.6c 
and 16.13 

1 Refer to Recommended lubricants and 
fluids at the front of this Chapter to obtain 
the necessary grease, etc. You'll also need a 
grease gun (see illustration). Occasionally 
plugs will be installed rather than grease fit- 
tings. If so, grease fittings will have to be pur- 
chased and installed. 

2 Look under the vehicle and locate the 
grease fittings or plugs in the tie-rod ends. If 
there are plugs, remove them and buy grease 
fittings, which will thread into the component. 
A dealer or auto parts store will be able to 
supply the correct fittings. Straight, as well as 
angled, fittings are available. 

3 For easier access under the vehicle, 
raise it with a jack and place jackstands under 
the frame. Make sure the vehicle is safely 
supported - DO NOT crawl under the vehicle 
when it is supported only by the jack! If the 
wheels are to be removed at this interval for 
tire rotation or brake inspection, loosen the 
lug nuts slightly while the vehicle is still on the 
ground. 

4 Before beginning, force a little grease out 
of the nozzle to remove any dirt from the end of 
the gun. Wipe the nozzle clean with a rag. 


16.6a Lubricate the tie-rod ends (one on 
each side of the vehicle) . . . 


16.6c . 


cross rod 


5 With the grease gun and plenty of clean 
rags, crawl under the vehicle. 

6 Wipe the tie-rod end grease fitting nip- 
ple clean and push the nozzle firmly over it. 
Squeeze the trigger on the grease gun to 
force grease into the component (see illus- 
trations). They should be lubricated until the 
rubber seal is firm to the touch. Don't pump 
too much grease into the fitting as it could 
rupture the seal. If grease escapes around 
the grease gun nozzle, the nipple is clogged 
or the nozzle is not completely seated on the 
fitting. Resecure the gun nozzle to the fitting 
and try again. If necessary, replace the fitting 
with a new one. 

7. Wipe the excess grease from the com- 
ponents and the grease fitting. Repeat the 
procedure for the remaining fitting(s). 

8 Open the hood and smear a little chassis 
grease on the hood latch mechanism. Have 
an assistant pull the hood release lever from 
inside the vehicle as you lubricate the cable at 
the latch. 

9 Lubricate all the hinges (door, hood, etc.) 
with engine oil to keep them in proper working 
order. 

10 Тһе key lock cylinders can be lubricated 
with spray graphite or silicone lubricant, which 
is available at auto parts stores. 

11 Lubricate the door weatherstripping with 
silicone spray. This will reduce chafing and 
retard wear. 
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16.6b ... the Pitman arm connection to 
the steering linkage... 


2 2. 4 Pi paa a 


16.13 After the cover is removed, carefully 
pry the linkage from the stud (arrow), 
grease the stud and reconnect the linkage 


12 Lubricate the parking brake linkage. 
Note that two different types of grease are 
required. Use multi-purpose grease on the 
linkage, adjuster assembly and connectors; 
use speedometer cable lubricant on parts of 
the cable that touch other parts of the vehicle. 
Lubricate the cable twice, once with the park- 
ing brake set and once with it released. 

13 On models so equipped, remove the 
protective cover from the throttle lever ball- 
stud. Carefully unsnap the throttle linkage 
from the ballstud (see illustration). Lubricate 
the ballstud with multi-purpose grease, then 
reconnect the linkage and install the protec- 
tive cover. 


17 Differential lubricant level check 
and change (check every 
6,000 miles or 6 months - 
change every 100,000 miles 
or 72 months) 


Refer to illustrations 17.2a, 17.2b, 17.3, 17.7, 
17.8, 17.11a, 17.11b and 17.12 


Level check 


1 The differential has a check/fill plug 
which must be removed to check the lubricant 
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17.2a The check/fill plug for the 
differential is located either on the front of 
the differential housing. . . 


н тү “рү УЫ 
17.7 Asuction pump сап be used to 
remove the old lubricant from 
the differential 


level. if the vehicle is raised to gain access 
to the plug, be sure to support it safely on 
jackstands -DO NOT crawl under the vehicle 
when it's supported only by the jack! 

2 Remove the lubricant check/fill plug 
from the differential (see illustrations). Use 
a 3/8-inch drive ratchet and short extension 
without a socket to unscrew the plug from the 
rear differential. 

3 Use your little finger as a dipstick to 
make sure the lubricant level is even with the 
bottom of the plug hole (see illustration). If 
not, use a syringe to add the recommended 
lubricant until it just starts to run out of the 
opening. On some models a tag is located in 
the area of the plug which gives information 
regarding lubricant type, particularly on mod- 
els equipped with a limited slip differential. 

4 Install the plug and tighten it securely. 


Lubricant change 

5 If it is necessary to change the differen- 
tial lubricant, remove the check/fill plug, then 
drain the differential. Some differentials can 
be drained by removing the drain plug, while 
on others it’s necessary to remove the cover 
plate on the differential housing. As an alter- 


17.2b ...orin the cover plate at the rear 
- use a 3/8-inch drive ratchet wrench to 
loosen it 


i 
17.8 The differential can be drained by 
removing the cover if you don’t have a 
suction pump 


native, a hand suction pump can be used to 
remove the differential lubricant through the 
filer hole. If you remove the cover plate, 
obtain a tube of silicone sealant to be used 
when reinstalling the differential cover. 

6 If equipped with a drain plug, remove the 
plug and allow the differential lubricant to drain 
completely. After the lubricant has drained, 
install the plug and tighten it securely. 

7 Ifa suction pump is being used, insert 
the flexible hose (see illustration). Work the 
hose down to the bottom of the differential 
housing and draw the lubricant out. 

8 If the differential is being drained by 
removing the cover plate, remove all of the 
bolts except the two near the top. Loosen the 
remaining two bolts and use them to keep the 
cover loosely attached. Allow the lubricant to 
drain into the pan, then completely remove 
the cover (see illustration). 

9 Using a lint-free rag, clean the inside of 
the cover and the accessible areas of the dif- 
ferential housing. As this is done, check for 
chipped gears and metal particles in the lubri- 
cant, indicating that the differential should be 
more thoroughly inspected and/or repaired. 
10 Clean all old gasket material from the 


17.3 Reach into the filler hole with a little 
finger to check the lubricant level 


17.11a If you drain the differential by 
removing the cover, apply a thin film 
of RTV sealant to the differential cover 
just before installation... 


17.11b ...then apply a thick bead all 
around the inside edge of the cover 
inboard of the bolt holes 


cover and differential housing. 

11 Apply a thin film of RTV sealant to the 
cover mating surface, then run a thick bead 
all the way around inside the cover bolt holes 
(see illustrations). 
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17.12 Tightening sequence for the differential cover bolts - 


don't overtighten the bolts, or the cover may be 


distorted, causing it to leak 


12 Place the cover on the differential hous- 
ing and install the bolts. Tighten the bolts 
securely in a criss-cross pattern (see illus- 
tration). Don't overtighten them or the cover 
may be distorted and leaks may develop. 

13 Опа! models, use a hand pump, syringe 
or funnel to fill the differential housing with the 
specified lubricant until it’s level with the bot- 
tom of the plug hole. 

14 Install the check/fill plug and tighten it 
securely. 


18 Air filter and crankcase 
ventilation filter replacement 
(every 30,000 miles or 24 months) 


1 Purchase new filter elements for the air 
cleaner and the crankcase ventilation system. 
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18.6 Lift the cover off and remove the filter element 


from the housing 


1992 through 1996 models 

Refer to illustrations 18.2 and 18.6 

2 Loosen the clamp(s) and disconnect the 
inlet and the outlet tube(s) from the air cleaner 
cover (see illustration). 

3  On4.9L engines, loosen the clamp and 
disconnect the Exhaust Air Supply Pump inlet 
tube from the air cleaner cover. 

4 Disconnect the PCV hose from the air 
outlet tube, then, if equipped, disconnect the 
electrical connector from the mass air flow 
(MAF) sensor. 

5 Remove the cover retaining screws or 
unhook the clamps. Disengage the cover tabs 
from the slots and lift the cover off. 

6 Remove the filter elements (see illustra- 
tion). 

7 Wipe the inside of the air cleaner hous- 
ing with a clean cloth. If its necessary to 


j ә 
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18.2 Loosen the clamp(s) and disconnect the inlet and 
outlet tube(s) and hose(s) 


remove the housing, squeeze the air inlet 
hose and push it out of the housing. Remove 
the mounting bolts and lift the housing out. 

8 Place the new filter elements in the hous- 
ing. If the air element is marked TOP be sure 
the marked side faces up. 

9 Reinstall the cover and retaining screws 
or hook the clamps. Don't overtighten the 
screws! 

10 Reconnect the air outlet tube(s), the 
Exhaust Air Supply Pump inlet tube (4.9L 
engine) and electrical connector. 


1997 and later models 

Refer to illustrations 18.11, 18.12 and 18.13 
11 Remove the mounting screws and sepa- 
rate the air cleaner inlet tube assembly from 
the radiator support near the front of vehicle 
(see illustration). On late models, remove 
the upper air deflector. 


18.11 Remove the air filter inlet assembly from 
the radiator support 
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18.12 Release the clamp and separate the cover 


from the air filter housing 


19.1 The PCV valve is located on the valve cover (1992 through 


1996 modeis shown) 


12 Release the clamp and separate the 
cover from the air filter housing (see illustra- 
tion). 

13 Access the air filter and remove it from 
the air filter housing (see illustration). 

14 Installation is the reverse of removal. 


19 Positive Crankcase Ventilation 
(PCV) valve check and 
replacement (every 60,000 miles 
or 48 months) 


Refer to illustrations 19.1, 19.2a and 19.2b 
Note: This procedure applies to non-heated 
PCV valves only. For heated PCV valves, 
which are not a routine maintenance item, 
refer to Chapter 6. 

Note: To maintain the efficiency of the PCV 
system, clean the hoses and check the PCV 
valve at the intervals recommended in the 
maintenance schedule. For additional informa- 
tion on the PCV system, refer to Chapter 6. 
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19.2a Shake the valve to test it - if it doesn't rattle, the valve is 


stuck and should be replaced (1992 through 1996 models shown) 


1 Locate the PCV valve (see illustration). 
2 То check the valve, first remove it from 
the valve cover. Shake the valve (see illus- 
trations). It should rattle, indicating that it is 
not clogged with deposits. If the valve does 
not rattle, replace it with a new one. If it does 
rattle, reinstall it. 

3 Start the engine and allow it to idle, then 
disconnect the PCV hose. If vacuum is felt, 
the PCV valve system is working properly 
(see Chapter 6 for additional PCV system 
information). 

4 if no vacuum is felt, the oil filler cap, 
hoses or valve cover gasket may be leak- 
ing or the PCV valve may be bad. Check for 
vacuum leaks at the valve, filler cap and all 
hoses. 

5 Check the rubber grommet for cracks 
and distortion. If it's damaged, replace it. 

6 Ifthe valve is clogged, the hose is also 
probably plugged. Remove the hose and 
clean with solvent. 

7 After cleaning the hose, inspect it for 
damage, wear and deterioration. Make sure it 


(1997 and later) shown 
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fits snugly on the fittings. 

8 If necessary, install a new PCV valve. 

Note: Тһе elbow (if equipped) is not part of 
the PCV valve. A new valve will not include 
the elbow. The original must be transferred to 
the new valve. If a new elbow is purchased, it 
may be necessary to soak it in warm water for 
up to an hour to slip it onto the new valve. Do 
not attempt to force the elbow onto the valve 
or it will break. 

9 Install the PCV system hose. Make sure 
that the PCV valve and hose are secure. 


20 Fuel system check (every 
15,000 miles or 12 months) 


Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work in a garage where a 
gas-type appliance (such as a water heater or 
a clothes dryer) is present. Since gasoline is 
carcinogenic, wear fuel-resistant gloves when 
there's a possibility of being exposed to fuel, 
and, if you spill any fuel on your skin, rinse it off 
immediately with soap and water. Mop up any 
spills immediately and do not store fuel-soaked 
rags where they could ignite. The fuel system 
із under constant pressure, so, if any fuel lines 
are lo be disconnected, the fuel pressure in the 
system must be relieved first (see Chapter 4). 
When you perform any kind of work on the fuel 
system, wear safety glasses and have a Class 
B type fire extinguisher on hand. 

1 Ifyou smell gasoline while driving or after 
the vehicle has been sitting in the sun, inspect 
the fuel system immediately. 

2 Remove the fuel filler cap and inspect it 
for damage and corrosion. The gasket should 
have an unbroken sealing imprint. If the gas- 
ket is damaged or corroded, install a new cap. 
3  Inspect the fuel feed and return lines 
for cracks. Make sure that the connections 
between the fuel lines and the fuel injection 
system and between the fuel lines and the in- 
line fuel filter are tight. 

4 Since some components of the fuel sys- 
tem - the fuel tank and some of the fuel feed 
and return lines, for example - are underneath 
the vehicle, they can be inspected more eas- 
ily with the vehicle raised on a hoist. If that's 
not possible, raise the vehicle and support it 
on jackstands. 

5 With the vehicle raised and safely sup- 
ported, inspect the gas tank and filler neck for 
punctures, cracks or other damage. The con- 
nection between the filler neck and the tank 
is particularly critical. Sometimes a rubber 
filler neck will leak because of loose clamps 
or deteriorated rubber. inspect all fuel tank 
mounting brackets and straps to be sure 
the tank is securely attached to the vehicle. 
Warning: Do not, under any circumstances, 
try to repair a fuel tank (except rubber com- 
ponents). A welding torch or any open flame 
can easily cause fuel vapors inside the tank to 
explode. 


21.1 The inline fuel filter is mounted 
in the frame rail 


6 Carefully check all rubber hoses and 
metal or nylon lines leading away from the 
fuel tank. Check for loose connections, dete- 
riorated hoses, crimped lines and other dam- 
age. Repair or replace damaged sections as 
necessary (see Chapter 4). 


21 Fuel filter replacement (every 
15,000 miles or 12 months) 


Refer to illustrations 21.1 and 21.5 

Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work in a garage where a 
gas-type appliance (such as a water heater or 
a clothes dryer) is present. Since gasoline is 
carcinogenic, wear fuel-resistant gloves when 
there's a possibility of being exposed to fuel, 
and, if you spill any fuel on your skin, rinse 
it off immediately with soap and water. Mop 
up any spills immediately and do not store 
fuel-soaked rags where they could ignite. The 
fuel system is under constant pressure, so, 
if any fuel lines are to be disconnected, the 
fuel pressure in the system must be relieved 
first (see Chapter 4). When you perform any 
kind of work on the fuel system, wear safety 
glasses and have a Class B type fire extin- 
guisher on hand. 

Note: This procedure ЕЕ іо 2008 апа 
earlier models only. Тһе fuel filter оп 2009 
and later models is an integral part of the fuel 
pump module. 

1 The fuel fitter is mounted within the frame 
rail (see illustration). Obtain a new fuel fil- 
ter before starting. Warning: Use only the 
approved fuel filter and O-rings for your spe- 
cific vehicle. Never substitute hose clamps for 
the approved fittings on nylon fuel lines. The 
system operates under high pressure and the 
failure to do so may result in vehicle damage 
or personal injury. 

2 Relieve the fuel system pressure (see 
Chapter 4). Disconnect the cable from the 
negative battery terminal. 

3 Secure the front of the vehicle with jack- 
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21.5 Use a special fuel line disconnect 
tool to uncouple the fuel line and fuel filter 


stands. Position the front end of the vehicle 
higher than the rear to prevent fuel siphon- 
ing. Remove the gas cap, then reinstall it after 
relieving the fuel system pressure. 

4  Inspect the hose fittings at both ends of 
the filter to see if they're clean. If more than a 
light coating of dust is present, clean the fit- 
tings before proceeding. 

5 Disconnect the push-connect fittings 
from the filter (see illustration). Refer to 
Chapter 4 for additional information on fuel 
line disconnect tools. 

6 Note which way the arrow on the filter 
is pointing - the new filter must be installed 
the same way. Loosen the clamp screw and 
detach the filter from the bracket. 

7 Install the new filter in the bracket with 
the arrow pointing in the right direction and 
tighten the clamp screw securely. 

8 Carefully connect the inlet and outlet 
hoses to the filter (see Chapter 4). 

9  Clean-up any spilt fuel. Connect the 
negative battery cable. Start the engine and 
check for fuel leaks. 


22 Cooling system check (every 
15,000 miles or 12 months) 


Refer to illustrations 22.3, 22.4a and 22.4b 
Caution: Beginning in 2001, some models 
are equipped with red, long life coolant. Do 
not mix green-colored ethylene glycol cool- 
ant and red-colored coolant because doing so 
will cause cooling system damage. Read the 
waming label in the engine compartment for 
additional information. 

1 Many major engine failures can be attrib- 
uted to a faulty cooling system. If the vehicle 
is equipped with an automatic transmission, 
the cooling system also plays an important 
role in prolonging transmission life because it 
cools the fluid. 

2 Тһе engine should be cold for the cool- 
ing system check, so perform the following 
procedure before the vehicle is driven for the 
day or after it has been shut off for at least 
three hours. 

3 Remove the radiator cap (1992 through 
1996) or expansion tank cap (1997 and later) 
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22.3 The radiator cap seal (arrow) and the 

sealing surfaces in the radiator filler neck 

should be checked for built-up corrosion - 

the radiator cap should be replaced if the 
seal is brittle or deteriorated 


(see illustration) and clean it thoroughly, 
inside and out, with clean water. Also clean 
the filler neck on the radiator/expansion tank. 
The presence of rust or corrosion in the filler 
neck means the coolant should be changed 
(see Section 28). The coolant inside the radia- 
tor/expansion tank should be relatively clean 
and transparent. If it's rust colored, drain the 
system and refill with new coolant. 

4. Carefully check the radiator hoses and 
smaller diameter heater hoses (see illustra- 
tion). Inspect each coolant hose along its 
entire length, replacing any hose which is 
cracked, swollen or deteriorated. Cracks will 
show up better if the hose is squeezed. Pay 
close attention to hose clamps that secure the 
hoses to cooling system components. Hose 
clamps can pinch and puncture hoses, result- 
ing in coolant leaks. Note: 1997 and later 
models are equipped with a heater hose that 
is located under the intake manifold and con- 
nected to the water pump (see illustration). /f 
this hose develops a leak, the coolant will run 
down the back of the engine. Refer to Chapter 
2D for intake manifold removal and installa- 


tion. 
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22.45 A leak іп the engine heater hose means the intake manifold 


5 Make sure all hose connections are tight. 
A leak in the Cooling system will usually show 
up as white or rust colored deposits on the 
area adjoining the leak. If wire-type clamps 
are used on the hoses, it may be a good idea 
to replace them with screw-type clamps. 

6  Carefully clean the front of the radia- 
tor and air conditioning condenser with 
compressed air, if available, or a soft brush. 
Remove all bugs, leaves, etc. embedded in 
the fins. Be extremely careful not to damage 
the cooling fins or cut your fingers on them. 

7T Ifthe coolant level has been dropping 
consistently and no leaks are detectable, have 
the radiator cap and cooling system pressure 
checked at a service station. 


23 Exhaust system check (every 
6,000 miles or 6 months) 


Refer to illustration 23.4 

1 With the engine cold (at least three hours 
after the vehicle has been driven), check the 
complete exhaust system from the engine 
to end of the tailpipe. Ideally, the inspection 
should be done with the vehicle on a hoist 
to permit unrestricted access. If a hoist isn't 
available, raise the vehicle and support it 
securely on jackstands. 

2 Check the exhaust pipes and connec- 
tions for evidence of leaks, severe corrosion 
and damage. Make sure that all brackets and 
hangers are in good condition and are tight. 

3  Atthe same time, inspect the underside 
of the body for holes, corrosion, open seams, 
etc. which may allow exhaust gases to enter 
the passenger compartment. Seal all body 
openings with silicone or body putty. 

4 Rattles and other noises can often be 
traced to the exhaust system, especially the 
mounts, hangers and heat shields. Try to 
move the pipes, muffler and catalytic con- 
verter (see illustration). If the components 
can come in contact with the body or suspen- 
sion parts, secure the exhaust system with 
new mounts. 


will have to be removed for hose replacement - coolant coming 
out the back of the engine is the symptom 


23.4 Make sure the catalytic converter heat shields are in place 


Check for a chafed area that 
could fail prematurely. 


Check for a soft area indicating 
the hose has deteriorated inside. 


Overtightening the clamp on a 
hardened hose will damage the 
hose and cause a leak. 


Check each hose for swelling and 

oil-soaked ends. Cracks and breaks 

can be located by squeezing the hose. 
ә? 


22.4a Hoses, like drive belts, have а habit 
of failing at the worst possible time - to 
prevent the inconvenience of a failed 
radiator or heater hose, inspect them 
carefully as shown here 


ee 4 


24.10 To check the suspension bailjoints, try to move the lower 
edge of the front tire in-and-out while watching/feeling for 


movement at the top of the tire 


5 Check the running condition of the 
engine by inspecting inside the end of the tail- 
pipe. The exhaust deposits here are an indi- 
cation of engine state-of-tune. If the pipe is 
black and sooty or coated with white deposits, 
the engine may need a tune-up, including a 
thorough fuel system inspection. 


24 Steering and suspension check 
(every 15,000 miles or 12 months) 


Refer to illustrations 24.10, 24.11 

апа 24.11b 

Note: The steering linkage and suspension 
components should be checked periodically. 
Worn or damaged suspension and steering 
linkage components can result in excessive 
and abnormal tire wear, poor ride quality and 
vehicle handling and reduced fuel economy. 
For detailed illustrations of the steering and 
suspension components, refer to Chap- 
ter 10. 


Shock absorber check 


1 Park the vehicle on level ground, turn the 
engine off and set the parking brake. Check 
the tire pressures. 

2 Push down at one corner of the vehicle, 
then release it while noting the movement of 
the body. It should stop moving and come 
to rest in a level position with one or two 
bounces. 

3 Ifthe vehicle continues to move up-and- 
down or if it fails to return to its original posi- 
tion, a worn or weak shock absorber is prob- 
ably the reason. 

4 Repeat the above check at each of the 
three remaining corners of the vehicle. 

5 Raise the vehicle and support it on jack- 
stands. 

6 Check the shock absorbers for evidence 
of fluid leakage. A light film of fluid is no cause 
for concern. Make sure that any fluid noted 
is from the shocks and not from any other 


source. If leakage is noted, replace the shocks 
as a set. 

7 | Check the shock absorbers to be sure 
that they are securely mounted and undam- 
aged. Check the upper mounts for damage 
and wear. If damage or wear is noted, replace 
the shock absorbers as a set. 

8 Ifthe shock absorbers must be replaced, 
refer to Chapter 10 for the procedure. 


Steering and suspension 


check 

9  Visually inspect the steering system 
components for damage and distortion (see 
Chapter 10). Look for leaks and damaged 
seals, boots and fittings. 

10 Clean the lower end of the steering 
knuckle. Have an assistant grasp the lower 
edge of the tire and move the wheel in-and- 
out (see illustration) while you look for 
movement at the steering knuckle-to-axle 
arm balljoints. If there is any movement, the 
balljoint(s) must be replaced. 

11 Grasp each front tire at the front and rear 
edges, push in at the front, pull out at the rear 
and feel for play in the steering linkage (see 
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24.11a To check the steering gear and idler arm mounts and tie- 
rod connections for play, grasp the front tire like this and try to 
move it back-and-forth... 


illustrations). If any freeplay is noted, check 
the steering gear mounts and the tie-rod 
balljoints for looseness. If the steering gear 
mounts are loose, tighten them. If the tie-rods 
are loose, the balljoints may be worn (check 
to make sure the nuts are tight). Additional 
steering and suspension system illustrations 
can be found in Chapter 10. 


Front wheel bearing check 
12 Refer to Section 26 for the wheel bearing 
check, repack and adjustment procedure. 


25 Brake system check (every 
15,000 miles or 12 months) 


Refer to illustrations 25.7a, 25.7b, 25.11, 
25.15a, 25.15b, 25.17 

Warning: Dust produced by lining wear and 
deposited on brake components is hazardous 
to your health. DO NOT blow it out with com- 
pressed air and DO NOT inhale it! DO NOT 
use gasoline or solvents to remove the dust. 
Brake system cleaner should be used to flush 
the dust into a drain pan. After the brake com- 


24.11b ...if play 
is noted, check the 
steering gear mounts 
and make sure that 


they're tight; look for 

looseness at the tie- 
rod ends (arrow) and 
the steering linkage 
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ponents are wiped with a damp rag, dispose 
of the contaminated rag(s) and brake cleaner 
in a covered and labeled container. Try to use 
non-asbestos replacement parts whenever 
possible. 

Note: /n addition to the specified intervals, 
the brake system should be inspected each 
time the wheels are removed or a malfunction 
is indicated. Because of the obvious safety 
considerations, the following brake system 
checks are some of the most important main- 
tenance procedures you can perform on your 
vehicle. 


Symptoms of brake system 


problems 

1 The disc brakes have built-in wear indi- 
cators which should make a high-pitched 
squealing or scraping noise when they're 
worn to the replacement point. When you 
hear this noise, replace the pads immediately 
or expensive damage to the brake discs could 
result. 

2 Any of the following symptoms could 
indicate a potential brake system defect. The 
vehicle pulls to one side when the brake pedal 


25.7a The brake hoses at the front the vehicle (arrow) should be 
inspected and replaced if they show any defects 


25.7b The rear brake hose meets the metal brake lines at the 
junction block on the rear axle housing (arrow) - they should also 


be inspected and replaced if they show any defects 


is depressed, the brakes make squealing or 
dragging noises when applied, brake travel is 
excessive, the pedal pulsates and brake fluid 
leaks are noted (usually on the inner side of 
the tire or wheel). If any of these conditions 
are noted, inspect the brake system immedi- 
ately. 


Brake lines and hoses 

Note: Steel tubing is used throughout the 
brake system, with the exception of flexible, 
reinforced hoses at the front wheels and as 
connectors at the rear axle. Periodic inspec- 
tion of these lines is very important. 

3 Park the vehicle on level ground and turn 
the engine off. 

4 Remove the wheel covers. Loosen, 
but do not remove, the lug nuts on all four 
wheels. 

5 Raise the vehicle and support it securely 
on jackstands. 

6 Remove the wheels (see Jacking and 
towing at the front of this book, or refer to your 
owner's manual, if necessary). 

7 Check all brake lines and hoses for 
cracks, chafing of the outer cover, leaks, blis- 


25.11 The lining 
thickness of the 
front disc brake 
pads (arrows) 
can be checked 


through the caliper 
inspection hole 


ters and distortion. Check the brake hoses 
at front and rear of the vehicle for softening, 
cracks, bulging, or wear from rubbing on 
other components (see illustrations). Check 
all threaded fittings for leaks and make sure 
the brake hose mounting bolts and clips are 
secure. 

8  Ifleaks or damage are discovered, they 
must be fixed immediately. Refer to Chap- 
ter 9 for detailed brake system repair proce- 
dures. 


Disc brakes 

9 й hasn't already been done, raise the 
vehicle and support it securely on jackstands. 
Remove the front wheels. 

10 Тһе disc brake calipers, which contain 
the pads, are now visible. Each caliper has an 
outer and an inner pad - all pads should be 
checked. 

11 Note the pad thickness by looking 
through the inspection hole in the caliper (see 
illustration). If the lining material is 1/16-inch 
thick or less on a single piston caliper, or 1/32- 
inch thick or less on a dual piston caliper, or if 
itis tapered from end-to-end, the pads should 
be replaced (see Chapter 9). Keep in mind 
that the lining material is riveted or bonded to 
a metal plate or shoe - the metal portion is not 
included in this measurement. 

12 Check the condition of the brake disc. 
Look for score marks, deep scratches and 
overheated areas (they will appear blue or 
discolored). If damage or wear is noted, the 
disc can be removed and resurfaced by an 
automotive machine shop or replaced with a 
new one. Refer to Chapter 9 for more detailed 
inspection and repair procedures. 

13 Remove the calipers without disconnect- 
ing the brake hoses (see Chapter 9). Lubri- 
cate the caliper slide rails and the inner pad 
slots on the steering knuckles with special 
caliper slide grease. 
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25.15a The lining thickness of the rear brake shoes (A) is 
measured from the surface of the lining to the metal shoe 


Drum brakes 

14 Refer to Chapter 9 and remove the rear 
brake drums. 

15 Note the thickness of the lining material 
(see illustration) on the rear brake shoes 
and look for signs of contamination by brake 
fluid or grease. If the lining material is within 
1/16-inch of the recessed rivets (see illustra- 
tion) or metal shoes, replace the brake shoes 
with new ones. The shoes should also be 
replaced if they are cracked, glazed (shiny lin- 
ing surfaces), or contaminated with brake fluid 
or grease. See Chapter 9 for the replacement 
procedure. 

16 Check the shoe return and hold-down 
springs and the adjusting mechanism to make 
sure they are installed correctly and in good 
condition. Deteriorated or distorted springs, if 
not replaced, could allow the linings to drag 
and wear prematurely. ; 

17 Check the wheel cylinders for leakage by 


25.17 Carefully peel back the rubber 
boots (arrows) and check the wheel 
cylinders for leakage 


carefully peeling back the rubber boots (see 
illustration). Slight moisture behind the boots 
is acceptable. If brake fluid is noted behind 
the boots or if it runs out of the wheel cylin- 
der, the wheel cylinders must be overhauled 
or replaced (see Chapter 9). 

18 Check the drums for cracks, score 
marks, deep scratches and hard spots, which 
will appear as small discolored areas. If imper- 
fections cannot be removed with emery cloth, 
the drums must be resurfaced by an automo- 
tive machine shop (see Chapter 9 for more 
detailed information). 

19 Refer to Chapter 9 and instail the brake 
drums. 

20 Install the wheels and lower the vehicle. 
Tighten the lug nuts to the torque listed in this 
Chapter's Specifications. 


Parking brake 

Note: The parking brake cable and linkage 
should be periodically lubricated (see Section 
16). This maintenance procedure helps pre- 
vent the parking brake cable from binding and 
adversely affecting the operation of the park- 
ing brake. 

21 The easiest, and perhaps most obvious, 
method of checking the parking brake is to 
park the vehicle on a steep hill with the park- 
ing brake set and the transmission in Neu- 
tral. If the parking brake doesn't prevent the 
vehicle from rolling, check the cables, park- 
ing brake pedal assembly and adjust the rear 
brakes (see Chapter 9). The parking brake is 
self-adjusting and there are no provisions for 
adjustment. 


26 Front wheel bearing check, 
repack and adjustment (every 
30,000 miles or 24 months) 


Refer to illustrations 26.1, 26.8, 26.9, 26.15 
and 26.16 


1 in most cases the front wheel bear- 
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25.15b On riveted brake linings, the measurement is taken 
from the top of the rivet heads (arrows) to the surface of the 
lining material 


ings will not need servicing until the brake 
pads are changed. However, the bearings 
should be checked whenever the front of 
the vehicle is raised for any reason. Several 
items, including a torque wrench and special 
grease, are required for this procedure (see 
illustration). 

2 With the vehicle securely supported on 
jackstands, spin each wheel and check for 
noise, rolling resistance and freeplay. 

3 Move the wheel in-and-out on the spin- 
dle (see illustration 24.11a). If there's any 
noticeable movement, the bearings should 
be checked and then repacked with grease or 
replaced if necessary. 

4 Remove the wheel. 

5 Remove the brake caliper (see Chap- 
ter 9) and hang it out of the way on a piece 
of wire. Warning: DO NOT allow the brake 
caliper to hang by the rubber hose! On some 
later models, the caliper mounting bracket 
must also be removed (see Chapter 9). 

6 Pry the grease cap out of the hub with a 
screwdriver or hammer and chisel. 

7 ~~ Straighten the bent ends of the cotter 
pin, then pull the cotter pin out of the retain- 
ing nut and spindle. Discard the cotter pin and 
use a new one during reassembly. 

8 Remove the retaining nut, the adjusting 
nut and bearing retainer washer from the end 
of the spindle (see illustration) 

9 Pull the hub/rotor assembly out slightly, 
then push it back into its original position. This 
should force the outer bearing off the spindle 
enough so it can be removed (see illustra- 
tion). 

10 Pull the hub/rotor off the spindle. 

11 Use a screwdriver to pry the grease seal 
out of the rear of the hub. As this is done, note 
how the seal is installed. 

12 Remove the inner wheel bearing from 
the hub. 

13 Use solvent to remove all traces of old 
grease from the bearings, inside of the hub 
and spindle. A small brush may prove helpful; 
however make sure no bristles from the brush 
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26.1 Tools and materials needed for front 
wheel bearing maintenance 


1 Hammer - А common hammer will do 
just fine 

2 Grease - High-temperature grease 
that is formulated specifically for front 
wheel bearings should be used 

3 Wood block - If you have a scrap 
piece of 2x4, it can be used to drive 
the new seal into the hub 

4  Needie-nose pliers - Used to 
straighten and remove the cotter pin in 
the spindle 

5 Torque wrench - This is very 
important in this procedure; if the 
bearing is too tight, the wheel won't 
turn freely- if it's too loose, the wheel 
will ^wobble" on the spindle. Either 
way, it could mean extensive damage. 

6  Screwdriver - Used to remove the 
seal from the hub (a long screwdriver 
would be preferred) 

7  Socket/breaker bar - Needed to 
loosen the nut on the spindle if it's 
extremely tight 

8 Brush - Together with some clean 
solvent, this will be used to remove old 
grease from the hub and spindle 


embed themselves inside the bearing rollers. 
Allow the parts to air dry. 

14  Carefully inspect the bearings for cracks, 
heat discoloration, worn rollers, etc. Check 
the bearing races inside the hub for wear and 
damage. If the bearing races are defective, 
the hubs should be taken to a machine shop 
with the facilities to remove the old races and 
press new ones in. Note that the bearings and 
races come as matched sets and new bear- 
ings should never be installed on old races. 
15 Use high-temperature front wheel bear- 
ing grease to pack the bearings. Work the 
grease completely into the bearings, forcing 
it between the rollers, cone and cage from the 
back side (see illustration). 

16 Apply a thin coat of grease to the spindle 
at the outer bearing seat, inner bearing seat, 
shoulder and seal seat (see illustration). 

17 Puta small quantity of grease inboard of 
each bearing race inside the hub. Using your 
finger, form a dam at these points to provide 
extra grease availability and to keep thinned 
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26.8 An exploded view of the front wheel bearing components 


26.9 Pull out on the hub to 
dislodge the outer bearing 


26.15 Pack each wheel 
bearing by working the 
grease into the rollers 


from the back side 
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26.16 Apply a thin coat of grease to the spindle, 
particularly where the seal rides 


grease from flowing out of the bearing. 

18 Place the grease-packed inner bearing 
into the rear of the hub and put a little more 
grease outward of the bearing. 

19 Position the new seal in the same direc- 
tion as noted during removal. Place a new 
seal over the inner bearing and tap the seal 
evenly into place with a hammer and wood 
block until it's flush with the hub. 

20 Carefully place the hub/rotor assembly 
onto the spindle and push the grease-packed 
outer bearing into position. 

21 Install the bearing retainer washer and 
adjusting nut. Tighten the nut only slightly. 

22 Spin the hub in a forward direction to 
seat the bearings and remove any grease or 
burrs which could cause excessive bearing 
play later. 

23 While spinning the hub counterclock- 
wise, tighten the adjusting nut to the specified 
torque (Step 1 in the Specifications). 

24 Loosen the adjusting nut 1/2-turn, no 
more. 

25 Tighten the adjusting nut to the specified 
torque (Step 3 the Specifications). 

26 Install the nut retainer, then install a new 
cotter pin through the hole in the spindle and 
retainer nut. If the holes don't line up, don't 
turn the adjusting nut. Instead, remove the 
nut retainer and try it in a different position. 
The notches in the nut retainer are offset for 
this purpose. Keep trying the nut retainer in 
different positions until the holes line up, then 
install the cotter pin. 

27 Bend the ends of the cotter pin until they're 
flat against the nut. Cut off any extra length 
which could interfere with the grease cap. 

28 Install the grease cap, tapping it into 
place with a hammer. 

29 Install the caliper (see Chapter 9). 

30 Install the wheel and tighten the lug nuts 
securely, but not to the final torque. 

31 Check the bearings in the manner 
described earlier in this Section. 

32 Lower the vehicle, then tighten the lug 
nuts to the torque listed in this Chapter’s 
Specifications. 


27 Windshield wiper blade check 
and replacement (every 
6,000 miles or 6 months) 


1 Road film can build up on the wiper 
blades and affect their efficiency, so they 
should be washed regularly with a mild deter- 
gent solution. 


Check 


2 Тһе windshield wiper and blade assem- 
bly should be inspected periodically. Even if 
you don't use your wipers, the sun and ele- 
ments will dry out the rubber portions, causing 
them to crack and break apart. If inspection 
reveals hardened or cracked rubber, replace 
the wiper blades. If inspection reveals nothing 
unusual, wet the windshield, turn the wipers 
on, allow them to cycle several times, then 
shut them off. An uneven wiper pattern across 
the glass or streaks over clean glass indicate 
that the blades should be replaced. 

3 The operation of the wiper mechanism 
can loosen the fasteners, so they should be 
checked and tightened, as necessary, at the 
same time the wiper blades are checked (see 
Chapter 12 for further information regarding 
the wiper mechanism). 


Wiper blade replacement 

Refer to illustrations 27.6, 27.7a and 27.7b 

4 Рагк the wiper blades in a convenient 
position to be worked on. To do this, run the 
wipers, then turn the ignition key to Off when 
the wiper blades reach the desired position. 

5 Lift the blade slightly from the wind- 
shield. 

6 On 1992 through 1994 models, insert a 
small screwdriver into the release spring at 
the center of the blade and push down on the 
spring. While pressing down with the screw- 
driver, pull the wiper blade off the wiper arm 
(see illustration). 

7 Оп 1995 and later models, push the 
release pin to release the blade, unhook the 


27.6 On 1992 through 1994 models, press down on the spring 
with a screwdriver blade as shown to release the wiper blade 
assembly from the arm 
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wiper arm from the blade (see illustrations) 
and take the blade off. 

8 Slide the new blade onto the wiper arm 
hook until the blade locks. Make sure the 
spring lock secures the blade to the pin. 


Wiper element replacement 
Refer to illustration 27.12 

9 Insert a screwdriver blade between the 
wiper blade and element. Twist the screw- 
driver clockwise while pressing in and down 
to separate the element from the end retain- 
ing claw. 

10 Slide the element out of the remaining 
retaining claws. 

11 Starting at either end of the blade, slide 
a new element into the second retaining claw 
(not the one closest to the end of the blade). 
Slide it through the other retaining claws until 
it reaches the end of the blade. 

12 Bend the element and slide it back into 
the claw at the end of the blade (see illustra- 
tion). 


28 Cooling system servicing 
(draining, flushing and refilling) 
(every 30,000 miles or 24 months) 


Refer to illustrations 28.4a, 28.4b, 28.5a and 
28.5b 

Warning: Do not allow antifreeze to come in 
contact with your skin or painted surfaces of 
the vehicle. Rinse off spills immediately with 
plenty of water. Antifreeze is highly toxic if 
ingested. Never leave antifreeze lying around 
in an open container or in puddles on the 
floor; children and pets are attracted by it's 
sweet smell and may drink it. Check with local 
authorities about disposing of used antifreeze. 
Many communities have collection centers 
which will see that antifreeze is disposed of 
safely. 

Caution: Beginning in 2001, some models 
are equipped with red, long life coolant. Do 


- 
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27.7a On 1995 and later models, 
push the release рїп... 


27.12 To install an element, slide it into three of the retaining 
claws, then bend it back and slide it into the retaining claw at the 


end of the blade 


not mix green-colored ethylene glycol cool- 
ant and red-colored coolant because doing so 
will cause cooling system damage. Read the 
warning label in the engine compartment for 
additional information. 

1 Periodically, the cooling system should 
be drained, flushed and refilled to replenish 
the antifreeze mixture and prevent formation 
of rust and corrosion, which can impair the 
performance of the cooling system and cause 
engine damage. When the cooling system 
is serviced, all hoses and the radiator cap 
should be checked and replaced if necessary. 


Draining 

2 Apply the parking brake and block the 
wheels. If the vehicle has just been driven, 
wait several hours to allow the engine to cool 
down before beginning this procedure. 

3 Once the engine is completely cool, 
remove the radiator or expansion tank cap. 

4 Move a large container under the radiator 
drain to catch the coolant (see illustration). 


Attach a 3/8-inch diameter hose to the drain 
fitting to direct the coolant into the container 
(see illustration), then open the drain fitting 


М” а 


28.4a The radiator drain (arrow) is located on the bottom of the 
radiator (1997 and later shown) 
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27.7b ... and pull the wiper blade in the direction of the arrow to 
separate it from the arm 


PL 


МИРА... aui SE era im. ai: 


(a pair of pliers may be required to turn it). 
5 Move the large container under the 
engine block and remove the block drain 


28.4b Connect a 
length of rubber hose 


to the drain and let it 
drain into the pan 
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plug(s), if they're accessible, and allow the 
coolant іп the block to drain (see illustra- 
tions). 

6 While the coolant is draining, check the 
condition of the radiator hoses, heater hoses 
and clamps (see Section 10 if necessary). 

7 Replace any damaged clamps or hoses 
(see Chapter 3 for detailed replacement pro- 
cedures). 


Flushing 

8 Once the system is completely drained, 
flush the radiator with fresh water from a 
garden hose until the water runs clear at the 
drain. The flushing action of the water will 
remove sediments from the radiator but will 
not remove rust and scale from the engine 
and cooling tube surfaces. 

9 These deposits can be removed by the 
chemical action of a cooling system cleaner. 
Follow the procedure outlined in the manufac- 
turer's instructions. If the radiator is severely 
corroded, damaged or leaking, it should be 
removed (see Chapter 3) and taken to a radi- 
ator repair shop. 

10 The heater core should be back flushed 
whenever the cooling system is flushed. To 
do this, disconnect the heater return hose 
from the thermostat housing or engine. Slide 
a female garden hose fitting into the heater 
hose and secure it with a clamp. This will 
allow you to attach a garden hose securely. 

11 Attach the end of a garden hose to the 
fitting you installed in the heater hose. 

12 Disconnect the heater inlet hose and 
position it to act as a drain. 

13 Тит the water оп and off several times 
to create a surging action through the heater 
core. Then turn the water on full force and 
allow it to run for approximately five minutes. 
14 Turn off the water and disconnect the 
garden hose from the female fitting. Remove 


28.5a Location of the left side engine 
block drain plug on a V8 engine (arrow) 
(the plug on the right side is obscured 
by the starter) (1992 through 
1996 models shown) 


the fitting from the heater return hose, then 
reconnect the hoses to the engine. 

15 Remove the overflow hose from the 
coolant recovery reservoir (1996 and earlier 
models only). Drain the reservoir and flush it 
with clean water, then reconnect the hose. 


Refilling 

16 Close and tighten the radiator drain. 
Install and tighten the block drain plug(s). 

17 Place the heater temperature control in 
the maximum heat position. 

18 Slowly add new coolant (a 50/50 mix- 
ture of water and antifreeze) to the radiator 
or expansion tank until it is full. On 1996 and 
earlier models, add coolant to the reservoir up 
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28.5b Coolant block drain plugs (arrow) 
are generally located one to two inches 
above the oil pan - there is one on each 
side of the engine block (1997 and 
later models shown) 


to the lower mark. 

19 Leave the radiator or expansion tank cap 
off and run the engine in a well-ventilated area 
until the thermostat opens (coolant will begin 
flowing through the radiator and the upper 
radiator hose will become hot). 

20 Turn the engine off and let it cool. Add 
more coolant mixture to bring the coolant level 
back up to the lip on the radiator filler neck. 

21 Squeeze the upper radiator hose to 
expel air, then add more coolant mixture if 
necessary. Replace the radiator or expansion 
tank cap. 

22 Start the engine, allow it to reach normal 
operating temperature and check for leaks. 
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4.9L inline six-cylinder engine 
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Driveplate - removal, inspection and installation ........................... 15 Timing cover and gears - removal and installation ........................ 6 
Engine mounts - check and гер!асетеп1...................................... 16 Top Dead Center (TDC) for number 1 piston - locating ................. 3 
Engine oil. and filter change ............................................. See Chapter 1 Valve cover and pushrod cover - removal and installation ............ 4 
Engine overhaul - general information.......................... See Chapter 2E Valve springs, retainers and seals - replacement.......................... 9 
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Specifications 
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ае ТТА) соо 4.9 liters (300 cubic inches) (6) 
sm eme] О ссе сы 4.00 x 3.98 inches 
tevinidenmomsent Ca a Гё@Г............................................................. 1-2-3-4-5-6 (5) 
лу ттт T—Y———————— 1-5-3-6-2-4 
Camshaft lobe lift (4) Go 
БЫ... 0.249 inch (3) 050 
PAUL Ss Lammers E TE енн таене а каена оае 0.249 inch 
FRONT 
Torque specifications Ft-Ibs (unless otherwise indicated) (2) 
fibras] ӘМЕТ ӘПЕРЕ кестен С 12 to 18 | 
Cylinder head bolts (1) 
1988 through 1995 
Step a e A Ie) ee A 
ГЕ... 85 
Ж 1 MEE Ьо ы тысы сет: 45 to 55 _ Cylinder location and 
SEN о AREE CST QNI Tighten an additional 80 to distributor rotation diagram 
100 degrees 
ieranksaftvibrationidampenbDOli es eu ee nos oro aya aenea oon cos rore ron анне 130 to 150 
Exhaust manifold-to-cylinder head bolts.......................... eee 22 to 32 
Flywheel/flexplate-to-crankshaft bolts ....................... eene 75 to 85 
Upper intake manifold-to-lower intake manifold Бой5.............................. 12 to 18 
Lower intake manifold-to-cylinder head Боіїѕ........................................:. 22 to 32 
Intake manifold-to-exhaust manifold nuts... 28 to 32 
Oil filter insert-to-cylinder block/adapter ............................- бен е. 20 to 35 
Oil filter adapter-to-cylinder block.......................... nnne 40 to 50 
Ой pump pick-up tube-to-pump Бой5..........................242 40 еее. 10 to 15 
рап агат рші ................................................... ЖКО з юс: 151025 
Ой pan-to-cylinder block bolts ............4......... enne 15 to 18 
Oil pump-to-cylinder block bolts ........................ VERNON о. 10 to 15 
Oil inlet tube-to-main bearing сар.....................4..21.м...Һ0...1..2. 1.7.4... 22 to 32 
Pulley-to-damper bolt ...................... rnnt 35 to 50 
17 to 23 


Rocker arm stud nut or bolt ................... rennen 


2А-2 


Torque specifications (continued) 


Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in 
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Ft-Ibs (unless otherwise indicated) 


-Ibs) of torque. Torque values below approximately 15 foot-pounds are 


expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 


MalvelcGvenboltSE--..-:«. emet 
Рие Сое ьо nre 
Camshaft thrust plate Боіќѕ.................................. 
Engine mount-to-chassis bracket ........................ 
Engine mount-to-block Боі&ѕ................................ 


1 General information 


The in-line six-cylinder engine block is 
made of cast iron. The crankshaft, which is 
supported by seven main bearings, is cast 
of nodular iron and the pistons are of alumi- 
num alloy with integral steel struts. The rocker 
arms are of the ball-pivot, stud-mounted 
design, employing positive-stop studs. The 
lifters (tappets) are hydraulic and self-adjust- 
ing and rotators are employed on the exhaust 
valves. There is no timing chain or belt, the 
camshaft is driven by helical gears, with the 
camshaft gear made of phenolic material. 


2 Repair operations possible with 
the engine in the vehicle 


1 Many major repair operations can be 
accomplished without removing the engine 
from the vehicle. Clean the engine compart- 
ment and the exterior of the engine with some 
type of pressure washer before any work is 
done. А clean engine will make the job easier 
and will help keep dirt out of the internal areas 
of the engine. 

2 Components within the engine compart- 
ment can be accessed from the front of the 
vehicle by lifting the hood or from inside the 
passenger compartment by removing the 
engine cover (refer to Chapter 11 if neces- 
sary). Depending upon the extent of the repair, 
it may be necessary to use both methods. 

3 |f vacuum, exhaust, oil or coolant leaks 
develop, indicating a need for gasket or 
seal replacement, the repairs can gener- 
ally be made with the engine in the vehicle. 
The intake and exhaust manifold gaskets, oil 
pan gasket and cylinder head gasket are ай 
accessible with the engine in place. 

4 Exterior engine components as well as 
some internal components can be checked 
and serviced with the engine in the vehicle. 
Refer to this Chapter's table-of-contents for 
these operations and components. In addi- 
tion, the water pump (refer to Chapter 3), the 
starter motor, the alternator, the distributor 
(refer to Chapter 5) and the fuel injection sys- 
tem (refer to Chapter 4) can be removed for 
repair with the engine in place. 

5 оте component checks such as cam- 
shaft lobe lift measurement, timing gear wear, 
and piston ring/cylinder head condition (com- 
pression check) can also be performed while 
the engine is installed. 

6 Since the cylinder head can be removed 


72 to 108 in-Ibs 
18 to 27 in-Ibs 
12 to 18 

57 to 74 

50 to 68 


without pulling the engine, valve component 
servicing can also be accomplished with the 
engine in the vehicle. 

7 in extreme cases caused by a lack of 
necessary equipment, repair or replacement 
of piston rings, pistons, connecting rods and 
rod bearings is possible with the engine in the 
vehicle. However, this practice is not recom- 
mended because of the cleaning and prepa- 
ration work that must be done to the compo- 
nents involved. 


3 Тор Dead Center (TDC) for 
number 1 piston - locating 


Refer to illustration 3.7 

1 Top Dead Center (TDC) is the highest 
point in the cylinder that each piston reaches 
as it travels up-and-down when the crank- 
shaft turns. Each piston reaches TDC on the 
compression stroke and again on the exhaust 
stroke, but TDC generally refers to piston 
position on the compression stroke. 

2 Positioning the piston(s) at TDC is an 
essential part of many procedures such as 
rocker arm removal, timing gear replacement 
and distributor removal. 

3 Before beginning this procedure, be 
sure to disable the ignition system. On 1992 
through 1996 models (TFI-IV ignition sys- 
tems), disconnect the coil wire from the dis- 
tributor cap and ground it to prevent damage 
to the coil (see Chapter 5). On distributorless 
ignition systems, disconnect the primary lead 
from the coil pack (DIS ignition systems) or 
the individual coil assemblies (COP ignition 
systems) at the spark plugs (see Chapter 5). 


4 іп order to bring any piston to TDC, the 
crankshaft must be turned using one of the 
following methods. When looking at the front 
of the engine, normal crankshaft rotation is 
clockwise. Warning: Before beginning this 
procedure, be sure to piace the transmission 
in Park. 

a) The preferred method is to turn the 
crankshaft with a large socket and 
breaker bar attached to the pulley bolt 
threaded into the front of the crankshaft. 
Apply pressure onto the bolt in a clock- 
wise direction only. Never turn the bolt 
counterclockwise. 

b) Aremote starter switch, which may save 
some time, can also be used. Attach the 
switch leads to the small ignition switch 
terminal and the positive (red) battery 
cable terminal on the starter solenoid 
(mounted near the battery). Once the 
piston is close to TDC, use a socket and 
breaker bar as described above. 

C) lf an assistant is available to turn the 
ignition switch to the START position 
in short bursts, you can get the piston 
close to TDC without a remote starter 
switch. Use a socket and breaker bar as 
described in Paragraph a) to complete 
the procedure. 


5 Place your finger partially over the num- 
ber 1 spark plug hole and rotate the crankshaft 
using one of the methods described above 
until air pressure is felt at the spark plug hole. 
Air pressure felt at the spark plug hole indi- 
cates that the cylinder has started the com- 
pression stroke. Once the compression stroke 
has begun, TDC for the number one cylinder 
is obtained when the piston reaches the top of 
the cylinder on the compression stroke. 


3.7 Details of the timing 
scale and timing mark on the 
crankshaft vibration damper 


BTDC ATDC 
TDC 
Ті, НОР “м. 
Магк 


————————————— FZ 
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6 Rotate the crankshaft until the rotor is 
pointing directly to the chalk mark. Note: This 
step will only apply to 1992 through 1996 
models with the TFI-IV ignition system. 

7 То bring the piston to the top of the cyl- 
inder, continue to turn the crankshaft until the 
timing marks on the vibration damper align 
with the timing marks on the front cover. The 
timing marks are located on the crankshaft 
pulley and the scale on the timing chain cover. 
The timing mark line should indicate close to 
0-degrees (TDC) (see illustration). І? not, 
turn the crankshaft until it does. 

8 When the rotor is pointing at the number 
one spark plug wire terminal in the distribu- 
tor сар and the 0-degree timing marks аге 
aligned, the number one piston is at TDC on 
the compression stroke. 

9 After the number one piston has been 
positioned at TDC on the compression stroke, 
TDC for any of the remaining cylinders can be 
located by turning the crankshaft clockwise 
120-degrees at a time and following the fir- 
ing order of the engine. Note: 120 degrees 
applies only to the 4.9L and 4.2L engines. All 
V8 engines are designed at 90 degrees for 
each cylinder and V10 engines are designed 
at 72-degrees. 


4 Valve cover and pushrod cover 
- removal and installation 


Removal 


Valve cover 

1 Remove the PCV valve from the top of 
the valve cover (see Chapter 6). 

2 Disconnect the clean air vent tube from 
the valve cover mounted oil filler cap or filter 
assembly (see Chapter 6). 

3 Disconnect the inlet air hose and accel- 
erator cable from the throttle body. Remove 
the throttle cable bracket and position the 


5.3 Check for wear on the rocker arm and fulcrum contact areas 


cable and bracket out of the way. 

4 Ма and disconnect any wires or hoses 
connected to the upper intake manifold. 
Remove the upper intake manifold (see Sec- 
tion 10). 

5 Remove the retaining screws holding the 
valve cover to the cylinder head. Inspect bolts 
for worn or damaged seals under the head of 
the bolts and replace, if necessary. 

6 Remove the valve cover from the cylin- 
der head and clean the old gasket from the 
mating surfaces. 


Pushrod cover 

7 | Remove the distributor cap from the dis- 
tributor. 

8 Remove the ignition coil and bracket 
from the side of the engine (see Chapter 5). 

9 Remove the retaining bolts for the push- 
rod cover on left side of the engine. 

10 Remove the pushrod cover from the side 
of the engine and clean the old gasket from 
the cover and engine block. 


Installation 


Valve cover 

11 Place a new gasket on the cylinder head 
making sure the tabs of the gasket face down, 
towards the head. No sealant is required. 

12 Install the valve cover on the cylinder 
head, making sure that the bolt holes line up 
and the gasket seals evenly all around the 
head. 

13 Install the valve cover retaining bolts and 
tighten them to the torque listed in this Chap- 
ter's Specifications. 

14 The remainder of installation is the 
reverse of removal. 


Pushrod cover 

15 install a new gasket on the pushrod 
cover. Use RTV sealant on the gasket to keep 
it positioned, if necessary. 

16 Place the pushrod cover on the engine 
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5.4 Keep the pushrods in order or mark them if they are to be re- 

installed so that they can be replaced in their original positions - a 

cardboard box such as the one shown can be used to identify and 
store pushrods in order 


and tighten the retaining bolts to the torque 
listed in this Chapter's Specifications. 

17 The remainder of installation is the 
reverse of removal. 


Either cover 

18 After the engine has been started, run it 
until it reaches normal operating temperature. 
Check the pushrod cover and/or valve cover 
for leaks. 


5 Rocker arms and pushrods - 
removal and installation 


Refer to illustrations 5.3 and 5.4 


Removal 

1 Remove the valve cover (see Section 4). 
2 Remove the rocker arm bolt, fulcrum 
seat and rocker arm from each cylinder. Keep 
them in order or mark them, if they are to be 
re-installed, so they can be replaced in their 
original positions. 

3  Inspect the rocker arms and fulcrums for 
wear (see illustration). 

4 To remove the pushrods, pull them 
straight up through the cylinder head and 
out of the lifter pocket. Keep them in order or 
mark them, if they are to be re-installed, so 
that they can be replaced in their original posi- 
tions (see illustration). 

5 Inspect the pushrods as described іп 
Chapter 2, Part E. 


Installation 

6 A Apply engine oil or assembly lube to the 
top of the valve stem. 

7 Apply assembly lube to the rocker arm 
fulcrum seat and the fulcrum seat socket in 
the rocker arm. 

8 Install the pushrod (with lubricant applied 
to both ends). 
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6.7 Use the recommended puller to 
remove the vibration damper - if a puller 
that applies force to the outer edge is 
used, the damper will be damaged 


9 Install the fulcrum guide (if equipped), 
rocker arm, fulcrum seat and bolt. Tighten 
the bolt to the torque listed in this Chapter's 
Specifications. 

10 If components were replaced, check the 
valve clearance (see Chapter 2, Part E). If 
necessary, install a longer or shorter pushrod. 
11 Replace the valve cover and gasket (see 
Section 4). 


6 Timing cover and gears - removal 
and installation 


Note: Тһе following procedure requires the 
use of a gear puller and gear installation 
tools. 


Removal 
Refer to illustrations 6.7 and 6.31 


Cover 

1 Drain the cooling system (see Chap- 
ter 3). 

2 Remove the fan shroud and the radiator 
(see Chapter 3). 

3 Remove the fan and pulley (see Chap- 
ter 3). 

4 Remove the power steering pump (see 
Chapter 10) and air conditioning compressor 
(see Chapter 3) from the engine bracket and 
position them to the side of the engine com- 
partment. Note: Don't disconnect the hoses 
from these accessories. Remove the bracket 
from the engine to gain access to the timing 
cover bolts. 

5 Remove any alternator support brackets 
from the timing cover, if necessary, to gain 
access to the timing cover bolts (see Chap- 
ter 5). 

6 Remove the pulley from the crankshaft 
damper, then remove the large bolt and 
washer from the crankshaft nose. It may be 
necessary to prevent the crankshaft from 
rotating by wedging a screwdriver between the 
teeth on the starter ring gear and the block. 


7 Remove the vibration damper using a 
vibration damper puller (see illustration). 

8 Remove the front oil pan attaching bolts 
and loosen the first six pan bolts on each side 
of the pan to allow the pan to droop slightly 
under a light downward force. 

9 Remove the timing cover attaching bolts. 
10 Remove the cover and scrape the old 
gasket from the mating surfaces of the cover 
and the engine block. 

11 Remove the crankshaft oil seal by push- 
ing it out of the front cover with a suitably 
sized drift. Be careful not to damage the front 
cover while performing this operation. 

12 Remove any chemical sealants from the 
seal bore of the cover. Check the bore care- 
fully for anything that would prevent the new 
seal from seating properly in the cover. 


Timing gears 

13 Before removing the gears, the cam- 
shaft endplay, timing gear backlash and tim- 
ing gear runout should be inspected (see 
Chapter 2, Part E). If measurements indicate 
worn components, replace as required during 
reassembly. 

14 Turn the crankshaft and/or camshaft 
until the timing marks of both gears can be 
aligned. 

15 Use a two-jaw puller to remove the gear 
from the camshaft. Note: This operation can 
also be done with camshaft out of engine dur- 
ing camshaft removal (see Section 7). Cau- 
tion: /f the head, valves and pistons remain in 
the engine while the gears are being installed, 
do not turn either the crankshaft or camshaft 
prior to gear installation. Serious internal 
engine damage can result from rotating either 
assembly independent of the other. If the cam- 
shaft begins to turn by itself, remove the valve 
cover and loosen the rocker arm bolts two or 
three turns. 

16 Using a bolt-type puller, remove the 
timing gear from the crankshaft. Note: Most 
steering wheel pullers can be used. 


Installation 


Timing gears 

17 Align the key before installing the cam- 
shaft drive gear onto the camshaft. Note: /f 
camshaft endplay was excessive during the 
wear checks, install an appropriately sized 
thrust plate prior to gear installation. If back- 
lash was excessive, be sure to install new tim- 
ing gears. 

18 Install the gear on the camshaft using 
a special tool. Note: /f the crankshaft gear is 
still installed, make sure the timing marks are 
correctly aligned prior to gear engagement. 
An alternative is to use a bolt that will fit the 
threaded hole in the end of the camshaft. Put 
a nut and large flat washer on the bolt. Thread 
the bolt into the camshaft with the gear in 
place. Hold the bolt stationary and turn the nut 
down the bolt to push the gear into place on 
the camshaft. Remove the bolt and nut com- 
bination after the cam gear is in place. 

19 Install the crankshaft key and gear using 
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a special installation tool or a large deep 
socket to drive the gear onto the crankshaft. 
Make sure the timing marks on both gears are 
correctly aligned prior to gear engagement. 
Adjust camshaft slightly if necessary to align. 
Caution: /f the head, valves and pistons 
remain in the engine while the gears are being 
installed, do not turn either the crankshaft or 
camshaft prior to gear installation. Serious 
internal engine damage can result from rotat- 
ing either assembly independent of the other. 
Note: /f the rocker arm nuts or bolts were 
loosened, tighten them to the torque listed in 
this Chapter's Specifications, then install the 
valve cover. 

20 Install the crankshaft oil slinger in front 
of the crankshaft drive gear. Note that the 
cupped side faces away from the engine. 


Cover 

21 Coat the outside edge of the new crank- 
shaft oil seal with grease and install the seal 
in the cover using an appropriate drive tool. 
Make sure the seal is seated completely in 
the bore. 

22 If the oil pan is still on the engine, cut 
the old front oil pan seal flush at the cylinder 
block-to-pan junction. Remove the old seal. 
23 Clean all gasket surfaces on the valve 
cover, block and oil pan. 

24 Ifthe oil pan is in place, cut and install а 
new pan seal so that it is flush with the engine 
block-to-oil pan junction. 

25 Align the рап seal locating tabs with the 
holes in the oil pan. Make sure the seal tabs 
pull all the way through so that the seal is 
completely seated. Apply RTV sealant to the 
block and pan mating surfaces (particularly to 
the corner junctions of the block, oil pan and 
cover). 

26 Position the cover over the end of the 
crankshaft and onto the cylinder block. Start 
the cover and pan retaining screws by hand. 
27 Slide an alignment tool over the end 
of the crankshaft to make sure the cover is 
located correctly before tightening the retain- 
ing bolts. If no alignment tool is available, 
temporarily install the crankshaft vibration 
damper to serve as a guide. 

28 Tighten the retaining bolts, first for the 
cover and then the oil pan, to the torque val- 
ues listed in this Chapter’s Specifications. 
Remove the alignment tool if used. 

29 Lubricate the nose of the crankshaft, the 
inner hub of the vibration damper and the seal 
surface with engine oil. 

30 Apply RTV sealant to the inside keyway 
of the damper hub. 

31 Align the damper keyway with the key on 
the crankshaft and install the damper using 
an installation tool (see illustration). 

32 Install the bolt and washer retaining the 
damper and tighten it to the torque listed in 
this Chapter’s Specifications. Install the pul- 
ley on the damper and tighten the bolts to the 
torque listed in this Chapter’s Specifications. 
33 Тһе remainder of installation is reverse 
of removal. 

34 Fill the engine with oil if the oil has been 
drained (see Chapter 1). 
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x 
6.31 Align the damper keyway with the 
key on the crankshaft, then use a damper 
installation tool to press the damper 
into place 


35 Start the engine and allow it to reach nor- 
mal operating temperature. Check for leaks of 
any type. Check the ignition timing (see Chap- 
ter 5). 


7  Lifters and camshaft - removal 
and installation 


Refer to illustrations 7.3a, 7.3b, 7.9 and 7.10 


Removal 


Lifters 

1 Remove the valve cover and pushrod 
cover (see Section 4). 

2 Remove the applicable rocker arm(s) and 
pushrod(s) for the lifter(s) to be removed (see 
Section 5). If the camshaft is to be removed, 
remove all of the lifters. 

3 Remove the valve lifter(s) with a retrieval 
tool (see illustration). Keep them in order or 
mark them, if they are to be re-installed, so 
they can be replaced in their original positions 
(see illustration). 

4 Inspect the lifters as described in Chap- 
ter 2, Part E. If no further disassembly is 
required, proceed to Step 21. 


Camshaft 

5 Position the engine at TDC compression 
for the number one cylinder (see Section 3) 
and remove the distributor (see Chapter 5). 

6 Remove the valve lifters as described in 
this Section. 

7 | Remove the timing cover (see Section 6). 
8 Prior to removing camshaft, check 
camshaft endplay, lobe lift and timing gears 
for wear (see Section 8 of this Chapter and 
Chapter 2, Part E). If measurements indicate 
worn components, replace as required during 
reassembly. 

9 Check the timing marks - they should be 
directly adjacent to each other. If not, turn the 
crankshaft until they are (see illustration). 

10 Remove the camshaft thrust plate retain- 
ing bolts (see illustration). 

11 Ри! the camshaft from the engine block, 


7.3a The lifters in an engine that has 
accumulated many miles may have to be 
removed with a special tool 


7.9 Proper alignment of the camshaft and 
crankshaft timing marks 


being careful that the lobes do not catch on 
the camshaft bearings. Caution: Do not rotate 
the engine until re-installation is complete. 

12 Inspect the camshaft and bearings as 
described in Chapter 2, Part E. If your mea- 
surements indicate worn components, replace 
parts as required during reassembly. 

13 |f required for gear or camshaft replace- 
ment, remove the gear from the camshaft 
(see Section 6). 


Installation 


Camshaft 

14 |f removed, install the camshaft gear 
onto the camshaft (see Section 6). If a new 
timing gear is installed, replacement of the 
corresponding crankshaft timing gear is also 
recommended. Note: /f camshaft endplay 
was excessive during wear checks, install an 
appropriately-sized thrust plate prior to gear 
installation. 

15 Apply camshaft installation lubricant to 
all of the camshaft lobes and journals (see 
illustration). 

16 install the camshaft into the engine mak- 


7.3b Keep the lifters in order or mark 
them if they are to be re-installed so they 
can be installed in their original positions 
- an old egg carton works well 


7.10 The camshaft thrust plate retaining 
bolts are accessible through the two 
openings in the camshaft gear 


ing sure the mark on the camshaft gear is 
aligned with the mark on the crankshaft gear. 
Be careful not to nick or damage the camshaft 
bearings. Install the thrust plate bolts. 


7.15 Be sure to apply moly-based grease 
or camshaft installation lube to the 
cam lobes and bearing journals before 
installing the camshaft 
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8.4 To measure cam lobe lift, secure а dial indicator to 
the head next to the valve (one at a time) and position 


the indicator plunger directly above and in line with the 
pushrod - rotate crankshaft and measure lift 


17 Tighten the camshaft thrust plate bolts to 
the torque listed in this Chapter’s Specifica- 
tions. 

18 The remainder of installation is reverse 
of removal. 

19 Start the engine and check for leaks. 

20 Adjust the ignition timing as described in 
Chapter 5. 


Lifters 

21 Lubricate the bottom of the lifters with 
engine assembly lube and install them. If the 
original lifters are to be used, install them in 
their original bores. 

22 The remainder of installation is reverse 
of removal. 


8 Camshaft lobe lift - check 


Refer to illustration 8.4 

1 То determine the extent of cam lobe 
wear, the lobe lift should be checked prior to 
camshaft removal. 

2 Remove the valve cover (see Section 4). 
3 Position the number one piston at TDC 
on the compression stroke (see Section 3). 

4 Beginning with the valves for the num- 
ber one cylinder, remove the rocker arms 
(see Section 5), mount a dial indicator on the 
engine and position the plunger in-line with 
and resting on the first pushrod (see illustra- 
tion). 

5 Zero the dial indicator, then very slowly 
turn the crankshaft in the normal direction of 
rotation. The dial indicator needle will begin to 
move as the cam ramps up. Continue rotating 
until the indicator needle stops and begins to 
move in the opposite direction. The point at 
which the highest reading is noted indicates 
maximum cam lobe lift. Record the indicator 
reading. 

6 After recording the first measurement, 
again reposition the piston at TDC on the 


compression stroke for the same cylinder. 

7 | Move the dial indicator to the other 
number one cylinder pushrod and repeat the 
check. Be sure to record the results for each 
valve. 

8 Repeat the same check for the remain- 
ing valves. Since each piston must be at 
TDC on the compression stroke for this proce- 
dure, work from cylinder-to-cylinder following 
the firing order sequence, turning the engine 
120-degrees each time. 

9 After the check is complete, compare the 
results to the values listed in this Chapter's 
Specifications. If camshaft lobe lift is less than 
specified, cam lobe wear has occurred and 
a new camshaft should be installed. Further 
camshaft specifications are in Chapter 2E. 


9 Valve springs, retainers and 
seals - replacement 


Refer to illustrations 9.8, 9.9, 9.14 and 9.16 
Note: Broken valve springs and defective 
valve stem seals can be replaced without 
removing the cylinder head. Two special tools 
and a compressed air source are normally 
required to perform this operation, so read 
through this Section carefully and rent or buy 
the tools before beginning the job. 


Removal 

1 Remove the valve cover from the cylin- 
der head (see Section 4). 

2 Remove the spark plug from the cylin- 
der with the defective valve component. If all 
of the valve stem seals are being replaced, 
remove all of the spark plugs. 

3 Turn the crankshaft until the piston in 
the affected cylinder is at top dead center on 
the compression stroke (refer to Section 3 
for instructions). If you're replacing all of the 
valve stem seals, begin with cylinder number 
one and work on the valves for one cylinder at 
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Pe. 


9.8 Compress the valve spring and remove the keepers witha 
small magnet, a pair of needle-nose pliers or tweezers 


a time. Move from cylinder-to-cylinder follow- 
ing the firing order sequence. 

4 Thread an adapter into the spark plug 
hole and connect an air hose from a com- 
pressed air source to it. Most auto parts 
stores can supply the air hose adapter. Note: 
Many cylinder compression gauges utilize a 
screw-in fitting that may work with your air 
hose quick-disconnect fitting. 

5 Remove the rocker arm mounting bolt, 
the rocker arm/fulcrum and the pushrod (see 
Section 5) for the valve with the defective 
part. If all of the valve stem seals are being 
replaced, all of the rocker arms and pushrods 
should be removed (be sure to keep them in 
order). 

6 Apply compressed air to the cylinder. 
Warning: Тһе piston may be forced down 
by compressed air, causing the crankshaft to 
turn suddenly. If the wrench used when posi- 
tioning the number one piston at TDC is still 
attached to the bolt in the crankshaft nose, it 
could cause damage or injury when the crank- 
shaft moves. The valves should be held in 
place by the air pressure. If the valve faces or 
seats are in poor condition, leaks may prevent 
the air pressure from retaining the valves, in 
this case the cylinder head will have to be 
removed and a valve job performed. 


7 Stuff shop rags into the cylinder head oil 


return holes to prevent parts or debris from 
falling into the engine, then use a valve-spring 
compressor to compress the spring. Note: 
Several different types of tools are available 
for compressing the valve springs with the 
head in place. One type grips the lower spring 
coils and presses on the retainer as the knob 
is turned, while the other type, used in this 
procedure, utilizes the rocker arm mounting 
stud or bolt for leverage. Both types work well, 
but the lever type is less expensive. 

8 Remove the keepers with a small pair of 


needle-nose pliers, a magnet or forceps (see 
illustration). 
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9.9 Remove the old valve stem seals 
- be sure that you don't scratch, nick or 
otherwise damage the valve stems 


9 Remove the spring retainer and valve 
spring and set them aside. Using a pair of pli- 
ers, remove the valve stem seal (see illustra- 
tion) and discard it. Note: Watch for the pres- 
ence of a spring shim(s) under the spring or 
on the spring seat and make sure it is installed 
prior to retainer re-installation. 

10 Wrap a rubber band or tape around the 
top of the valve stem so the valve won't fall 
into the combustion chamber, then release 
the air pressure. 

11 Inspect the valve stem for damage. 
Rotate the valve in the guide and check the 
end for eccentric movement, which would 
indicate that the valve is bent. 

12 Move the valve up-and-down in the guide 
and make sure it doesn't bind. If the valve 
stem binds, the valve is bent or the guide is 
damaged. іп either case, the head will have to 
be removed for repair. 

13 Кеарріу air pressure to the cylinder to 
retain the valve in the closed position, then 
remove the tape or rubber band from the 
valve stem. 


Installation 

14 Lubricate the valve stem with engine 
oil and install a new valve stem seal. Use a 
deep socket and a hammer to seat the seal 
squarely on the valve guide (see illustra- 
tion). 

15 Place the valve spring in position, then 
install the retainer. 

16 Compress the valve spring assembly and 
carefully install the keepers in the grooves in 
the valve stem. Apply a small dab of grease to 
the inside of each keeper to hold it in place, if 
necessary (see illustration). 

17 Remove the pressure from the spring 
tool and make sure the keepers are seated. 
18 Disconnect the air hose and remove the 
adapter from the spark plug hole. 

19 Refer to Section 7 and install the rocker 
arm and pushrod. 

20 |f you are replacing all of the seals, 
repeat the procedure for each valve assem- 
bly. Remember, the piston for each cylinder 
must be positioned at TDC before removing 
the valve keepers. | 


9.14 A deep socket and hammer сап be 
used to seat the new seals on 
the valve guides 


21 install the spark plug(s) and hook up the 
wire(s). 

22 Install the valve cover (Section 4). 

23 Start and run the engine, then check for 
oil leaks and unusual sounds coming from the 
valve cover area. 


10 Manifolds - removal and 
installation 


Warning: Gasoline is extremely flammable, 
so fake extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work in a garage where 
a gas-type appliance (such as a water heater 
or clothes dryer) is present. Since gasoline is 
carcinogenic, wear fuel-resistant gloves when 
there's a possibility of being exposed to fuel, 
and, if you spill any fuel on your skin, rinse it 
off immediately with soap and water. Mop up 
any spills immediately and do not store fuel- 
soaked rags where they could ignite. The fuel 
system is under constant pressure, so if any 
fuel lines are to be disconnected, the fuel pres- 
sure in the system must be relieved first (see 
Chapter 4 for more information). When you 
perform any kind of work on the fuel system, 
wear safety glasses and have a Class B type 
fire extinguisher on hand. 


Removal 


Upper intake manifold 

1 Disconnect the EGR, the TPS, the IAC 
valve and EGR transducer harness connec- 
tors (see Chapter 6). 

2 Label and disconnect the EGR valve 
vacuum line, the throttle body vacuum lines 
and other upper intake manifold vacuum lines 
that may be present. 

3 Working on the underside of the upper 
intake manifold, disconnect the PCV fitting. 

4 Remove the air cleaner outlet duct (see 
Chapter 4). 

5 Remove the lines from the fuel rail (see 
Chapter 4). i 

6 Disconnect the accelerator cable from 
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9.16 Apply a small dab of grease as 
shown to help hold the valve keepers 
in place during valve spring 
retainer installation 


the throttle body (see Chapter 4). 

7 Disconnect the EGR valve tube at the 
exhaust manifold and EGR valve (see Chap- 
ter 6). 

8  Disconnect the upper intake manifold 
support bracket. 

9 Remove the upper intake manifold 
mounting bolts. Lift the upper intake manifold 
and throttle body as a complete assembly. 


Lower intake manifold and exhaust 

manifold 

10 Remove the fuel rail and injectors from 
the lower intake manifold (see Chapter 4). 

11 Label and disconnect the lower intake 
manifold vacuum hoses, thermactor bypass 
valve and tube assembly, and any other elec- 
trical connectors that may be present. 

12 Disconnect the exhaust pipe from the 
exhaust manifold and support it out of the 
way. 

13 Remove the bolts (and nuts if equipped) 
retaining the intake and exhaust manifolds to 
the cylinder head. Lift the manifold assem- 
blies away from the engine. 

14 Clean all traces of old gasket material 
from the mating surfaces of the manifolds 
and cylinder head. If new manifolds are to 
be installed, remove the nuts connecting the 
intake manifold to the exhaust manifold. 


Installation 


Lower intake manifold and exhaust 
manifold 

Refer to illustration 10.18 

15 Install new studs in the exhaust manifold 
for the inlet pipe. Note: This step is not abso- 
lutely necessary if the studs are in good con- 
dition, however, it is recommended in order to 
prevent future problems. 

16 Install a new intake/exhaust manifold-to- 
cylinder head gasket. 

17 Place the exhaust manifolds, front and 
rear, onto cylinder head. Connect them onto 
the cylinder head with lock washers and nuts. 
Tighten the nuts finger tight. 

18 Place the intake manifold assembly 
against the mating surface of the cylinder 
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10.18 Intake and exhaust manifold bolt tightening sequence 


head, making sure that the gaskets are posi- 
tioned correctly. Install the attaching wash- 
ers, bolts and nuts finger tight and make 
sure everything is positioned and aligned 
correctly. Tighten the nuts and bolts in the 
proper sequence (see illustration) to the 
torque values listed in this Chapter’s Specifi- 
cations Note: Use an intake/exhaust manifold 
gasket if the original manifolds are equipped 
with them. However, if the exhaust manifold 
is changed with an updated part, install it 
without an exhaust manifold gasket(s). Check 
with a dealer parts department or qualified 
auto parts store. 

19 Attach a new gasket to the exhaust pipe 
and fasten the pipe to the exhaust manifold. 
Tighten the nuts securely. 

20 The remainder of installation is reverse 
of removal. 


Upper intake manifold 

21 Install a new intake manifold gasket onto 
the lower intake manifold. Be sure the gasket 
surface is clean of all gasket material. Use the 
lower intake manifold dowels to position the 
gasket. 

22 Install the upper intake manifold and 
throttle body assembly onto the lower intake 
manifold. 

23 Tighten the bolts to the torque listed in 
the beginning of this Chapter's Specifications. 
24 Install the upper intake manifold brace. 
25 install the EGR valve tube (see Chap- 
ter 6). 

26 Instali the accelerator cable and cruise 
control cable, if equipped. 

27 Installation is the reverse of removal. 


11 Cylinder head - removal and 
installation 


Refer to illustration 11.19 


Removal 

1 Disconnect the negative cable from the 
battery. 

2 Drain the cooling system (see Chap- 
ter 3). 

3 Disconnect the upper radiator hose from 
the thermostat outlet (see Chapter 3). 
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4 Remove the heater hose at the coolant 
outlet elbow (see Chapter 3). 

5 Mark the wires leading to the coil and 
disconnect them. Remove the coil bracket 
attaching bolt. Secure the coil and bracket out 
of the way (see Chapter 5). 

6 Remove any power accessory brackets 
attached to the cylinder head. Note: /t is not 
necessary to disconnect refrigerant hoses or 
power steering hoses. 

7 Remove the manifolds (see Section 10). 

8 Remove the valve cover (see Section 4). 
9  Loosen the rocker arm bolts or stud nuts 
so the rocker arms can be rotated to one 
side. 

10 Remove the pushrods (see Section 5). A 
numbered box or rack will keep them properly 
organized. 

11 Disconnect the spark plug wires at the 
spark plugs (see Chapter 1) and any sensor 
electrical connectors that would interfere with 
removal. 

12 Remove the cylinder head retaining 
bolts, in sequence, using the reverse order of 
the tightening sequence. Use a helper if avail- 
able and pry the cylinder head up off of the 
engine block. The cylinder head is heavy, and 
removal is easiest from inside the vehicle with 
the engine cover off. Caution: Do not wedge 
any tools between the cylinder head and block 
gasket mating surfaces - pry only on casting 
protrusions. 

13 Secure the head on a workbench or cyl- 
inder head holding device. 

14 Inspect the cylinder head as outlined 
in Chapter 2, Part E. Note: New and rebuilt 
cylinder heads are commonly available for 
engines at dealer parts departments and auto 
parts stores. Due to the fact that some special- 
ized tools are necessary for the dismantling 
and inspection of the head, and replacement 
parts may not be readily available, it may be 
more practical and economical for the home 
mechanic to purchase a replacement head 
and install it. Another alternative, at this point, 
is to take the cylinder head to an automotive 
machine shop or shop specializing in cylinder 
heads and exchange it or leave your head for 
the overhaul process. 

15 Replace or service the cylinder head as 
required (see Chapter 2E). 


-«—— Front 


11.19 Cylinder head bolt TIGHTENING sequence 
I ———___— 
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Installation 

16 Маке sure the cylinder head and cylin- 
der block mating surfaces are clean, flat and 
prepared for the new cylinder head gasket 
(see Chapter 2 Part E for the inspection pro- 
cedures). Clean the exhaust manifold and 
exhaust pipe gasket surfaces. 

17 Position the gasket over the dowel pins 
on the cylinder block, making sure that it is 
facing the right direction and that the correct 
surface is exposed. Gaskets are often marked 
‘front’ and ‘this side up’ to aid in installation. 
18 Using another person as a helper, care- 
fully lower the cylinder head into place on the 
block. Take care not to move the head side- 
ways or to scrape it across the surface as it 
can dislodge the gasket and/or damage the 
mating surfaces. 

19 Coat the cylinder head retaining bolts 
with a light coat of engine oil and thread the 
bolts into the block. Tighten the bolts to the 
torque listed in this Chapter's Specifications 
using the tightening sequence shown in the 
accompanying illustration (see illustration). 
Work up to the final torque in three steps to 
avoid warping the head. 

20 The remaining steps are the reverse of 
the removal procedure. 

21 Refill radiator with coolant (see Chap- 
ter 3). 

22 Start the engine and allow it to reach 
operating temperature. Check for leaks. Note: 
Some gasket manufacturers recommend re- 
tightening the cylinder head bolts after the 
engine has cooled down. Check the instruc- 
tions furnished with the gasket kit to deter- 
mine if this is necessary. 


12 Oil pan - removal and installation 


Note: This procedure is for removal and 
installation of the oil pan with the engine in the 
vehicle only. If the engine has been removed 
for an overhaul, use only Step 10 and Steps 
15 through 26. 


Removal 


1 Disconnect the negative battery cable 
from the battery (see Chapter 1). 
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2 Drain the cooling system (see Chap- 
ter 3) and engine oil (see Chapter 1). 

‘3 Remove the radiator (see Chapter 3). 
Note: This operation is required so that the 
radiator is not damaged by the engine when it 
is raised from its mounts. 

4 Raise the vehicle and support it securely 
on jackstands. Disconnect the starter cable at 
the starter (see Chapter 5). 

5 Remove the starter (see Chapter 5). 

.6 Remove the engine front insulator-to- 

support bracket retaining nuts and washers 

(see Section 16). 

7 Raise the front of the engine with a jack. 

Place a thick wooden block between the jack 

and the oil pan to serve as a cushion. 

8 Place one inch wood blocks between 

the front support insulators and the support 

brackets. 5 

9 Lower the engine onto the spacer blocks 

and remove the jack. 

10 Remove the oil pan attaching bolts. 

11 Lower the pan to the crossmember. 

12 Remove the oil pump pick-up tube-to-oil 

pump retaining bolts and washers. 

13 Remove the oil pump pick-up tube and 

allow it to rest in the oil pan. 

14 Remove the oil pan from the vehicle. It 

may be necessary to rotate the crankshaft so 

the counterweights clear the pan. 

15 Clean all gaskets from the mating sur- 

faces of the engine block and the pan. 

16 Remove the rear main bearing cap-to-oil 

pan seal. 

17 Remove the timing cover-to-oil pan seal. 


Installation 

18 Clean all mating surfaces and seal 
grooves. 

19 Install new oil pan-to-front cover oil 
seals. 

20 Install a new rear main bearing cap-to-oil 
pan seal. 

21 Install a new pan gasket. Apply a thin, 
even coat of RTV sealant to both sides of the 
gasket. | 

22 Маке sure the tabs of the front and rear 
seal fit properly into the mating slots on the oil 
pan side seals. A small amount of RTV seal- 
ant at each mating junction will help prevent 
any leaks from these critical spots. 

23 Clean the pick-up tube and screen 
assembly and place it in the oil pan. 

24 Position the oil pan underneath the 
engine. 

25 Lift the pick-up tube and screen assem- 
bly from the oil pan and secure it to the oil 
pump with a new gasket. Tighten the retain- 
ing bolts to the torque listed in this Chapter's 
Specifications. 

26 Attach the oil pan to the engine block and 
install the retaining bolts. Tighten the bolts to 
the torque listed in this Chapter's Specifica- 
tions, starting from the center and working out 
in each direction. Note: Some models have oil 
pan flange reinforcing strips that go between 
the pan bolts and the block. 

27 Raise the engine with a jack and a block 


14.6 Using a seal removal tool to pry out 
the crankshaft front oil seal 


of wood underneath the oil pan and remove 
the wood spacers previously installed under 
the support brackets. 

28 Lower the engine to the correct installed 
position and install the washers and nuts on 
the insulator studs. Tighten the nuts to the 
torque listed in this Chapter's Specifications. 
29 Install the starter (see Chapter 5). 

30 Lower the vehicle. 

31 Install the radiator (see Chapter 3). 

32 Fill the cooling system with coolant (see 
Chapter 1) and check for leaks. 

33 Fill the engine crankcase with oil (see 
Chapter 1) and connect the negative battery 
cable. 

34 Start the engine and check carefully for 
leaks at the oil pan gasket sealing surfaces. 
Note: When the battery has been discon- 
nected, some unusual driveability symptoms 
may be present until the vehicle is driven ten 
miles and the computer relearns (see Chap- 
ter 6). 


13 Oil pump - removal and 
installation 


1 Remove the oil pan as described in Sec- 
tion 12. 

2 Remove the bolts retaining the oil pump 
to the block. 

3 Remove the oil pump assembly. 

4 Clean the mating surfaces of the oil 
pump and the block. 

5 Inspect the oil pump as described in 
Chapter 2, Part E. 

6 Before installation, prime the pump by 
filling the inlet opening with oil and rotating the 
pump shaft until the oil spurts out of the out- 
let. 

7 Attach the oil pump to the engine block 
using the retaining bolts. 

8  Tighten the bolts to the torque listed in 
this Chapter's Specifications. 

9 Install the oil pan (see Section 12). 


14.8 If you're very careful, you can use a 
large socket to drive the new seal into the 
timing cover 


14 Crankshaft oil seals - 
replacement 


Crankshaft front oil seal 

Refer to illustrations 14.6 and 14.8 

Note: Тһе following operation requires а spe- 
cial tool for proper seal installation. 

1 Drain the cooling system (see Chap- 
ter 3). 

2 Remove the fan shroud and the radiator 
(see Chapter 3). 

3 Remove the fan and pulley (see Chap- 
ter 3). | 

4 Remove the large bolt and washer from 
the crankshaft nose. It may be necessary to 
prevent the crankshaft from rotating by wedg- 
ing a screwdriver between the teeth on the 
starter ring gear and the block. 

5 Remove the vibration damper (see illus- 
tration 6.7). 

6 Using a seal remover tool, remove seal 
from timing cover (see illustration). 

7 . Clean out the recess in the cover. 

8 Coat the outer edge of the new seal with 
engine oil and install it using a seal driver. 
As an alternative, a large socket or piece of 
pipe can be used to push the new seal in (see 
illustration). However, use extreme caution 
as the seal can be damaged easily with this 
method. Drive in the seal until it is fully seated 
in the recess. Make sure the spring is properly 
positioned within the seal. 

9 Lubricate the nose of the crankshaft, the 
inner hub of the vibration damper and the seal 
surface with engine oil. 

10 Apply RTV sealant to the inside keyway 
of the damper hub. 

11 Align the damper keyway with the key on 
the crankshaft and install the damper using 
an installation tool (see illustration 6.31). 

12 Install the bolt and washer retaining the 
damper and tighten it to the torque listed in 
this Chapter's Specifications. 

13 The remainder of installation is the 
reverse of removal. 

14 Fill the engine with oil, if the oil has been 
drained (see Chapter 1). 
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15 Start and operate the engine at a fast 
idle and check for leaks of any type. 


Rear main oil seal 

16 Disconnect the negative battery cable 
from the battery, then remove the starter (see 
Chapter 5). | 

17 Remove the transmission (Chapter 7). 
18 Remove the driveplate (see Section 15). 
19 Use an awl to punch two holes in the ой 
seal. Punch the holes on opposite sides of 
the crankshaft, just above the bearing cap-to- 
engine block junction. 

20 Thread a sheet metal screw into each 
punched hole. 

21 Use two large screwdrivers or small ргу- 
bars and pry against both screws at the same 
time to remove the seal. A wood block placed 
against the engine will provide additional lever- 
age. Caution: Be very careful when perform- 
ing this operation that you do not damage the 
oil seal contact surfaces on the crankshaft. 

22 Clean the oil recess in the rear of the 
engine block and the main bearing cap sur- 
face of the crankshaft. 

23 Inspect, clean and, using crocus cloth, 
polish the oil seal contact surfaces of the 
crankshaft. If the area in which the seal rides 
is grooved: or otherwise damaged, the new 
seal will leak. 

24 Coat the outer diameter of the new seal 
with a light film of engine oil. 

25 Coat the crankshaft surface with a light 
film of engine oil. 

26 Startthe seal into the cavity in the back of 
the engine with the seal lip facing the engine 
and install it with a special seal driver tool. 
Make sure that the seal is driven in squarely 
until the tool contacts the block. 

27 Тһе remainder of installation is the 
reverse of removal. If the engine oil was 
drained, refill the crankcase (see Chapter 1). 
Start the engine and check for leaks. Note: 
When the battery has been disconnected, 


some unusual driveability symptoms may be 
present until the vehicle is driven ten miles 
and the computer relearns (see Chapter 6). 


15 Driveplate - removal, inspection 
and installation 


1 Remove the transmission (see Chap- 
ter 7). 

2 Mark the relationship of the driveplate 
to the crankshaft to ensure installation in the 
same position. 

3 To keep the crankshaft from turning, 
wedge a large screwdriver or prybar between 
the ring gear teeth and the engine block (it 
must be positioned so that as the crankshaft 
moves, the tool bears against the block). 
Make sure that the tool is not pushing against 
the oil pan. 

4 Remove the driveplate retaining bolts 
from the crankshaft flange. 

5 Remove the driveplate from the crank- 
shaft by it pulling straight back. If it's stuck, 
wiggle it from side-to-side. 

6 Inspect the driveplate for cracks and 
warpage. If the driveplate is cracked, it must 
be replaced with a new one. 

7 Installation is the reverse of removal. 
The retaining bolts should be coated with a 
thread-locking compound and tightened in a 
criss-cross pattern to the torque listed in this 
Chapter's Specifications. 


16 Engine mounts - check and 
replacement 


1 Engine mounts seldom require attention, 
but broken or deteriorated mounts should 
be replaced immediately or the added strain 
placed on the driveline components may 
cause damage. 
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Check 

2 During the check, the engine must be 
raised slightly to remove the weight from the 
mounts. 

3 Raise the vehicle and support it securely 
on jackstands, then position the jack under 
the engine oil pan. Place a large block of 
wood between the jack head and the oil pan, 
then carefully raise the engine just enough to 
take the weight off the mounts. 

4 Check the mounts to see if the rubber 
is cracked, hardened or separated from the 
metal plates. Sometimes the rubber will split 
right down the center. Rubber preservative 
should be applied to the mounts to slow dete- 
rioration. 

5 Check for relative movement between 
the mount plates and the engine, transmis- 
sion or frame/body (use a large screwdriver 
or prybar to attempt to move the mounts). If 
excess movement is noted, new mount isola- 
tors will be required. 


Replacement (front mounts) 

6 Raise the vehicle and place it securely 
on jackstands. 

7 Place a wood block and a jack under the 
engine. 

8 Remove the upper and lower nut and 
washer assemblies from the insulator assem- 
bly. 

9 Raise the engine just enough to allow 
clearance for the removal of the mount insula- 
tor and heat shield if equipped. Warning: DO 
NOT place any part of your body under the 
engine when it's supported only by a jack. 

10 Installation is reverse of removal. Tighten | 
the fasteners to the torque listed in this Chap- 
ter's Specifications. 


Replacement (rear mount) 
11 For the rear (transmission) mount 
replacement procedure, see Chapter 7. 
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Specifications 
General 
ВИНГЕШЕТ нашаа ETE К ELLE. 4.2 liters (256 cubic inches) 
Cylinder numbers (front-to-rear) 

Lei AOS) ISIC orte АЕ 4-5-6 

RUEJRE GIE [S оаза о оо ОСЕ 1-2-3 
Шар олеш осто А 1-4-2-5-3-6 
Camshaft and lifters 
Lobe lift 

СИН RBA IES аена EODD 0.245 inch 

ЕАИС Coe О... E E 2-2... 0.259 inch 
obe OT о АЕТ 0.005 їпсһ 
Ер О E К о зо»: 0.001 to 0.006 inch 
Mucor tinted Чате еа а 2.0515 to 2.0505 inches 
(Cas am еее) Ls exe ЕШ 222222222... ҙҙҘә24224420 2.0535 to 2.0525 inches 
Journal-to-bearing (oil) clearance 

MModelsitbroudgbi2002 rrr TM INTE  2--...21,2-.- 0.002 inch 

POO Geer Clea ONE 2... 0.001 to 0.003 inch 
АОС ТТЕ ххх КОГО С 0.002 inch V6 engine 
Mournalontsofrouelitrbss ee ER 0.001 inch 1-4-2-5-3-6 
Oil pump | 
БОЛАК а О ооа .0--..... ie E a : ie Cylinder and сой terminal 
еап гаша clearance 22... entente tnn 0.002 to 0. inc locations —4.2L V6 engine 


Gear height (housing to gear іорв5).......................1....(1 0 42444..44 е өне көннен 


0.0004 їо 0.0033 їпсһ 
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Torque specifications* 


Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in 
expressed in inch-pounds, because most foot-pound torque wrenches are no 
Camshaft sprocket бой...................................«...-‹ 
Camshaft thrust plate боЇќѕ................................... 
Balance shaft thrust plate bolts ............................ 


Timing chain cover-to-block bolts 


1997 rough T999 222. 


2000 and later 
Bolt number 12 (see illustration 10.18) 
All others 


Эа 2а ОСЫ ae Nace: 
Water pump-to-timing chain cover bolts ............... 


Oil pan-to-block bolts 


елері оине. 


Oil pan-to-transmission Боіќѕ................................ 


Oil pump and filter body to front cover 


я) Е Т 2... 


SED ‘1 көзе боосон а 


Step 5 


ао о А 
НОТА еее 
ТерА Зо) нае 
Rocker armmifulcrm.boltS:............. eeu oe eoe 


Upper intake-to-lower intake manifold bolts 


стер ои 
Ере ет... 


1 General information 


This Part of Chapter 2 is devoted to in- 
vehicle repair procedures for the 4.2L V6 
engine. This engine design utilizes a cast-iron 
block with six cylinders arranged in a V-shape 
at a 90-degree angle between the two banks. 
The cylinder heads are also cast-iron and 
the block-mounted camshaft operates push- 
rods and rocker arms for valve actuation. The 
engine also features a balance shaft geared 
to the camshaft in the block. 

Allinformation concerning engine removal 
and installation and engine block and cylinder 
head overhaul can be found in Part E of this 
Chapter. The following repair procedures are 
based on the assumption that the engine is 
installed in the vehicle. If the engine has been 
removed from the vehicle and mounted on a 
stand, many of the steps outlined in this Part 
of Chapter 2 will not apply. 

The Specifications included in this Part 


westassonrevosoeesorecespososeseren 
TTT 


a nesannecccecenersceresmecnsansrons 


Crankshaft pulley-to-vibration damper bolts ......... 
Upper intake manifold-to-lower intake manifold bolts.............................. 
Valve'coVer bolts eee 
Mibratiom damper boM LM. 
Ba ee aeae ee 


*Note: Refer to Part E for additional specifications. 
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Ft-Ibs (unless otherwise indicated) 


30 to 36 

72 to 120 in-Ibs 
72 to 120 in-Ibs 
15 to 22 

89 in-Ibs 

16 

15 to 22 

36 to 44 in-Ibs 
80 to 106 in-Ibs 
29 to 38 


15 to 22 
71 to 97 in-Ibs 


-Ibs) of torque. Torque values below approximately 15 foot-pounds are 
t accurate at these smaller values. 


Tighten an additional 90 degrees 


Loosen 3 turns (DO NOT loosen all the bolts at the same time, from 


this point on work on one bolt at a time) (see Section 7) 


30 to 36 
15 to 22 


23 to 29 


53 in-lbs 
89 in-Ibs 


44 in-Ibs 

89 in-Ibs 

15 to 22 

20 to 28 

89 in-Ibs 

71 to 102 in-Ibs 
103 to 117 

54 to 64 


of Chapter 2 apply only to the procedures 
contained in this Part. Part E of Chapter 2 
contains the Specifications necessary for cyl- 
inder head and engine block rebuilding. 


2 Repair operations possible with 
the engine in the vehicle 


Many major repair operations can be 
accomplished without removing the engine 
from the vehicle. 

Clean the engine compartment and the 
exterior of the engine with some type of pres- 
sure washer before any work is done. It will 
make the job easier and help keep dirt out of 
the internal areas of the engine. 

Components within the engine compart- 
ment can be accessed from the front of the 
vehicle by lifting the hood or from inside the 
passenger compartment by removing the 
engine cover (refer to Chapter 11 if necessary). 


Tighten an additional 175 to 185-degrees 


Depending upon the extent of the repair, it may 
be necessary to use both methods. 
If vacuum, exhaust, oil or coolant leaks 


. develop, indicating a need for gasket or seal 


replacement, the repairs can generally be 
made with the engine in the vehicle. The 
intake and exhaust manifold gaskets, timing 
cover gasket, oil pan gasket, crankshaft oil 
seals and cylinder head gaskets are all acces- 
sible with the engine in place. 

Exterior engine components, such as the 
intake and exhaust manifolds, the oil pan (and 
the oil pump), the water pump, the starter 
motor, the alternator, and the fuel 5ystem 
components can be removed for repair with 
the engine in place. 

Since the cylinder heads can be removed 
without pulling the engine, valve component 
servicing can also be accomplished with the 
engine in the vehicle. Replacement of the tim- 
ing chain and sprockets is also possible with 
the engine in the vehicle. 
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3.1 Turn the crankshaft clockwise until 
the zero on the vibration damper scale is 
directly opposite the pointer 


In extreme cases caused by a lack of 
necessary equipment, repair or replacement 
of piston rings, pistons, connecting rods and 
rod bearings is possible with the engine in the 
vehicle. However, this practice is not recom- 
mended because of the cleaning and prepa- 
ration work that must be done to the compo- 
nents involved. 


3 Тор Dead Center (TDC) for 
number one piston - locating 


Refer to illustration 3.1 

1 Follow the procedure described in Chap- 
ter 2, Part A but use the timing marks as 
shown in the accompanying illustration (see 
illustration). 

2 After the number one piston has been 
positioned at TDC on the compression stroke, 
TDC for any of the remaining cylinders can be 
located by turning the crankshaft and follow- 
ing the firing order (refer to the Specifications). 
Divide the crankshaft pulley into three equal 
sections with chalk marks at three points, each 
indicating 120-degrees of crankshaft rotation. 
Rotating the engine 120- degrees past ТОС #1 
will put the engine at TDC for cylinder no. 4. 


4.2 Remove the spark plug wire clips (arrow) 


4 Valve covers - removal and 
installation 


Removal 

Refer to illustrations 4.2 and 4.5 

1 Disconnect the cable from the negative 
battery terminal. 

2 Note their locations, then detach the 
spark plug wire clips from the valve cover 
studs (see illustration). 

3  Detach the spark plug wires from the 
plugs (see Chapter 1). Position the wires out 
of the way. Remove the engine-lifting bracket. 
4 On some vehicles with cruise control, 
it may be necessary to disconnect the servo 
linkage at the throttle body and remove the 
servo bracket. 

5 If you're removing the left (driver's 
side) valve cover, detach the oil fill cap and 
crankcase vent tube (see illustration). On 
2001 and later models, remove the air intake 
assembly and remove the oil filler and unbolt 
the dipstick extension tube. 

6  Ifyou're removing the right (passenger's 
side) valve cover, position the air cleaner duct 
out of the way (see Chapter 4) and remove 
the ignition coils (see Chapter 5) and EGR 
tube (see Chapter 6). On 2001 and later mod- 
els, disconnect the differential pressure feed- 
back sensor and position the wiring harness 
out of the way. 

7 Remove the valve cover bolts/nuts (see 
illustration 4.5), then detach the cover from 
the cylinder head. Note: /f the cover is stuck 
to the cylinder head, bump one end with a 
wood block and a hammer to jar it loose. If 
that doesn't work, try to slip a flexible putty 
knife between the cylinder head and cover to 
break the gasket seal. Don't pry at the cover- 
to-cylinder head joint or damage to the seal- 
ing surfaces may occur (leading to oil leaks 
in the future). Some valve covers are made 
of plastic - be extra careful when tapping or 
pulling on them. On some models, the valve 
cover bolts stay with the valve cover. Do not 
attempt to remove them completely. 


Ё 


Installation 

8 Тһе mating surfaces of each cylinder 
head and valve cover must be perfectly clean 
when the covers are installed. Use a gasket 
scraper to remove all traces of sealant and 
old gasket material, then clean the mating 
surfaces with lacquer thinner or acetone. If 
there’s sealant or oil on the mating surfaces 
when the cover is installed, ой leaks may 
develop. 

9 Clean the mounting bolt threads with а 
die to remove any corrosion and restore dam- 
aged threads. Make sure the threaded holes 
in the cylinder head are clean - run a tap into 
them to remove corrosion and restore dam- 
aged threads. Apply a small amount of light oil 
to the bolt threads. 

10 The gaskets should be mated to the 
covers before the covers are installed. Make 
sure the tabs on the gaskets(s) engage in the 
slots in the cover(s). On engines that don’t 
have gaskets, apply a 3/16-inch bead of RTV 
sealant to the cover flange, inside of the bolt 
holes. 

11 Carefully position the cover on the cylin- 
der head and install the bolts/nuts. 

12 Tighten the bolts in three or four steps 
to the torque listed in this Chapter’s Specifi- 
cations. Plastic valve covers are easily dam- 
aged, so don’t overtighten the bolts! 

13 Тһе remaining installation steps are the 
reverse of removal. 

14 Start the engine and check carefully for 
oil leaks as the engine warms up. 


5 Rocker arms and pushrods 
- removal, inspection and 
installation 


Removal 
Refer to illustrations 5.2 and 5.4 


1 Refer to Section 4 and detach the valve 
cover(s) from the cylinder head(s). 

2 Beginning at the front of one cylinder 
head, remove the rocker arm fulcrum bolts 


4.5 Detach the crankcase vent tube (A) - B indicates two of the 


valve cover bolts 


5.2 Тһе rocker arm fulcrum bolts (arrow) may not һауе to be 
completely removed in all cases - loosen them several 


turns and see if the rocker arms can be pivoted 
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out of the way to allow pushrod removal 


(see illustration), Store them separately in 
marked containers to ensure that they will be 
reinstalled in their original locations. Note: 
If the pushrods are the only items being 
removed, loosen each bolt just enough to 
allow the rocker arms to be rotated to the side 
so the pushrods can be lifted out. 

3 Lift off the rocker arms and fulcrums. 
Store them in the marked containers with the 
bolts (they must be reinstalled in their original 
locations). 

4 Remove the pushrods and store them 
separately to make sure they don't get mixed 
up during installation (see illustration). 


Inspection 

Refer to illustration 5.7 

5 | Check each rocker arm for wear, cracks 
and other damage, especially where the push- 
rods and valve stems contact the rocker arm 
faces. 

6 Make sure the hole at the pushrod end 
of each rocker arm is open. 

7 Check each rocker arm pivot area апа 
fulcrum for wear, cracks and galling (see 
illustration). If the rocker arms are worn or 
damaged, replace them with new ones and 
use new fulcrums as well. 

8  Inspect the pushrods for cracks and 
excessive wear at the ends. Roll each push- 
rod across a piece of plate glass to see if it's 
bent (if it wobbles, it's bent). 


Installation 

9 Lubricate the lower end of each pushrod 
with clean engine oil or moly-base grease and 
install them in their original locations. Make 
sure each pushrod seats completely in the 
lifter. 

10 Apply moly-base grease to the ends of 
the valve stems and the upper ends of the 
pushrods before positioning the rocker arms 
and fulcrums. 

11 Apply moly-base grease to the fulcrums 
to prevent damage to the mating surfaces 
before engine oil pressure builds up. Set the 
rocker arms and guides in place, then install 


the fulcrums and bolts. Tighten the rocker arm 
bolts to Specifications. 

12 Install the valve covers. 

13 The remainder of installation is the 
reverse of removal. 


6 Valve springs, retainers and 
seals - replacement 


Refer to illustrations 6.4, 6.8, 6.9 and 6.16 
Note: Broken valve springs and defective 
valve stem seals can be replaced without 
removing the cylinder heads. Two special 
tools and a compressed air source are nor- 
mally required to perform this operation, so 
read through this Section carefully and rent or 
buy the tools before beginning the job. 

1  Referto Section 4 and remove the valve 
cover from the affected cylinder head. If all 
of the valve stem seals are being replaced, 
remove both valve covers. 

2 Remove the spark plug from the cylinder 
which has the defective component. if all of 
the valve stem seals are being replaced, all of 
the spark plugs should be removed. 

3 Turn the crankshaft until the piston in 
the affected cylinder is at Top Dead Center on 


T" 


5.7 Check for wear on the rocker arm and 
fulcrum contact areas (arrows) 


5.4 A perforated cardboard box can be used to store the 
pushrods to ensure that they are reinstalled in their original 
locations - note the label indicating the front of the engine 


the compression stroke (refer to Section 3 for 
instructions). If you're replacing all of the valve 
stem seals, begin with cylinder number one 
and work on the valves for one cylinder at a 
time. Move from cylinder-to-cylinder following 
the firing order sequence (see this Chapter's 
Specifications). 

4 Thread an adapter into the spark plug 
hole (see illustration) and connect an air hose 
from a compressed air source to it. Most auto 
parts stores can supply the air hose adapter. 
Note: Many cylinder compression gauges ий- 
lize a screw-in fitting that may work with your 
air hose quick-disconnect fitting. 

5 Remove the bolt, fulcrum and rocker arm 
for the valve with the defective part and pull 
out the pushrod. If all of the valve stem seals 
are being replaced, all of the rocker arms and 
pushrods should be removed (refer to Sec- 
tion 5). 

6 Apply compressed air to the cylinder. 
Warning: The piston may be forced down by 
compressed air, causing the crankshaft to tum 
suddenly. If the wrench used when positioning 
the number one piston at TDC is still attached 
to the bolt in the crankshaft nose, it could 
cause damage or injury when the crankshaft 


moves. 


À 


6.4 This is what the air hose adapter that 

threads into the spark plug hole looks like 

- they're commonly available from auto 
parts stores 
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6.8 Once the spring is depressed, the 
keepers can be removed with a small 
magnet or needle-nose pliers (a magnet is 
preferred to prevent dropping the keepers) 


7 Тһе valves should be held in place by 
the air pressure. 

8 Stuff shop rags into the cylinder head 
holes above and below the valves to prevent 
parts and tools from falling into the engine, 
then use a valve spring compressor to com- 
press the spring. Remove the keepers with 
small needle-nose pliers or a magnet (see 
illustration). Note: A couple of different types 
of tools are available for compressing the 
valve springs with the cylinder head in place. 
One type, shown here, grips the lower spring 
coils and presses on the retainer as the knob 
is turned, while the other type utilizes the 
rocker arm bolt for leverage. Both types work 
very well, although the lever type is usually 
less expensive. 

9 Remove the spring keepers, retainer and 
spring, then remove the valve guide seal (see 
illustration). Note: /f air pressure fails to hold 
the valve in the closed position during this 
operation, the valve face or seat is probably 
damaged. ІҒ so, the cylinder head will have to 
be removed for additional repair operations. 
10 Wrap a rubber band or tape around the 
top of the valve stem so the valve won't fall 
into the combustion chamber, then release 
the air pressure. 

11 Inspect the valve stem for damage. 
Rotate the valve in the guide and check the 
end for eccentric movement, which would 
indicate that the valve is bent. 

12 Move the valve up-and-down in the 
guide and make sure it doesn't bind. If the 
valve stem binds, either the valve is bent or 
the guide is damaged. In either case, the cyl- 
inder head will have to be removed for repair. 
13 Reapply air pressure to the cylinder to 
retain the valve in the closed position, then 
remove the tape or rubber band from the 
valve stem. 

14 Lubricate the valve stem with engine oil, 
then install a new guide seal. 

15 install the spring in position over the 
valve. 

16 Install the valve spring retainer. Com- 
press the valve spring and carefully position 
the keepers in the groove. Apply a small dab 


6.9 The seal can be pulled off the guide 
with a pair of pliers 


of grease to the inside of each keeper to hold 
itin place (see illustration). 

17 Remove the pressure from the spring 
tool and make sure the keepers are seated. 
18  Disconnect the air hose and remove the 
adapter from the spark plug hole. 

19 Refer to Section 5 and install the rocker 
arm(s) and pushrod(s). 

20 Install the spark plug(s) and hook up the 
wire(s). 

21 Refer to Section 4 and install the valve 
cover(s). 

22 Start and run the engine, then check for 
oil leaks and unusual sounds coming from the 
valve cover area. 


7 Intake manifold (upper and lower) 
- removal and installation 


1 Relieve the fuel pressure and remove 
the air duct assembly and the engine cover 
(see Chapter 4). 

2  Disconnect the negative cable from the 
battery. 

3 Drain the cooling system (see Chap- 
ter 1). 


6.16 Apply a small dab of grease to each 

keeper as shown here before installation 

- it'll keep them in place on the valve stem 
as the spring is released 


Upper intake manifold 

Refer to illustrations 7.10, 7.12a and 7.12b 

4 Remove the accelerator cable (see 
Chapter 4) and cruise control cable (if 
equipped) from the throttle body. On models 
so equipped, remove the plastic splash shield 
over the throttle linkage first. 

5 Disconnect the electrical connectors for 
the throttle position sensor (TPS), the idle air 
control (IAC) valve and the EGR valve posi- 
tion sensor (see Chapter 6). 

6 Clearly label and then disconnect the 
vacuum lines from the upper intake manifold, 
the EGR valve and the fuel pressure regula- 
tor. 

7 - Disconnect the EGR tube from the upper 
intake manifold (lower intake on later models) 
and the exhaust manifold (see Chapter 6). 

8 Remove the upper intake manifold brace, 
if applicable. 

9 Remove the PCV tube from the upper 
intake manifold and the valve cover (see 
Chapter 6). 

10 Remove the upper intake manifold 
mounting bolts (see illustration). 

11 Remove the upper intake manifold and 
throttle body as a complete unit from the lower 


7.10 Remove 
the upper intake 
manifold mounting 


bolts (arrows) (not 

all bolts are visible) 

(1997 through 1999 
models shown) 
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7.12a Upper intake manifold mounting bolt tightening sequence 


(1997 through 1999 models) 


7.13 Disconnect the two electrical 
connectors (arrows) on the IMRC solenoids 
at the back of the intake manifold 


intake manifold. 

12 Installation is the reverse of removal. Be 
sure to clean and inspect the mounting faces 
of the lower intake manifold and the upper 
intake manifold before positioning the gaskets 
onto the lower intake manifold mounting face. 
The use of alignment studs may be helpful. 
Install the upper intake manifold and throttle 
body as a single unit. Be sure to follow the 
correct bolt tightening sequence (see illustra- 
tions) and torque specification listed at the 
beginning of this Chapter. 


Lower intake manifold 

Refer to illustrations 7.13, 7.14, 7.15, 7.16, 
7.17, 7.18, 7.19, 7.22, 7.23 and 7.26 

13 Disconnect the IMRC vacuum and elec- 
trical connectors, the fuel lines, fuel pressure 
regulator and injector connectors (see illus- 
tration). 

14 Cover the air intake passages with а 
shop towel (see illustration). Disconnect the 
upper radiator hose and heater hoses from 
the intake manifold fittings. 


7.14 Cover the air intake with a shop 


towel to prevent debris from falling 
into the engine 


15 Disconnect the EGR valve vacuum hose 
and the EGR tube fitting at the EGR valve 
(see illustration). 

16 Label and disconnect the vacuum and 
emissions hoses and wire harness connectors 
attached to the intake manifold (see illustra- 
tion). On 2001 and later models, remove the 
eight bolts and the intake manifold spacer 
from the lower intake manifold, which is in the 
lower half of the plenum, then the lower intake 
bolts are accessible. 

17 Loosen the intake manifold mounting 
bolts in 1/4-turn increments until they can be 
removed by hand (see illustration). Not all 
bolts are easily noticed; there are 14 in all, six 
long ones and eight short ones. Keep track of 
which ones go where. 

18 Тһе intake manifold will probably be 
stuck to the cylinder heads and force may be 
required to break the gasket seal. A prybar 
can be positioned under the cast-in lug (see 
illustration) to pry up the front of the intake 
manifold, but make sure all bolts have been 
removed first! Caution: Don't pry between the 


7.12b Upper intake manifold mounting bolt tightening sequence 


(2000 and later models) 


7.15 Disconnect the lines and vacuum 
hose at the EGR valve (arrow) 


Ё 


1 
а 
3 


7.16 Label and disconnect the hoses 


“al 


№... 


pw 


and wiring 


Engine Coolant Temperature sensor 
Coolant temperature sending unit 
Coolant hose 


7.19 After covering the lifter vailey, use 
a gasket scraper to remove all traces of 
sealant and old gasket material from 
the cylinder head and intake 
manifold mating surfaces 


engine block and intake manifold or the cylin- 
der heads and intake manifold or damage to 
the gasket sealing surfaces may occur, lead- 
ing to vacuum and oil leaks. 


|= 


7.22 Install the rubber end seals over a thin bead of RTV sealant, 
then apply a thin bead on top (arrow) 
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7.18 Pry against a casting protrusion to break the 


19 Use aplastic gasket scraper to remove all 
traces of sealant and old gasket material (see 
illustration), then clean the mating surfaces 
with lacquer thinner or acetone. If there’s old 
sealant or oil on the mating surfaces when the 
manifold is installed, oil or vacuum leaks may 
develop. When working on the cylinder heads 
and block, cover the lifter valley with shop 
rags to keep debris out of the engine. Use a 
vacuum cleaner to remove any gasket mate- 
rial that falls into the intake ports in the cylin- 
der heads. Caution: The mating surfaces of 
the cylinder heads, engine block and manifold 
must be perfectly clean when the manifold is 
installed. Gasket removal solvents in aerosol 
cans are available at most auto parts stores 
and may be helpful when removing old gasket 
material that’s stuck to the cylinder heads and 
manifold (since the manifold is made of alu- 
minum, aggressive scraping can cause dam- 
age). Be sure to follow directions printed on 
the container. 

20 Use a tap of the correct size to chase 
the threads in the bolt holes, then use com- 


7.23 Apply a dab of RTV sealant to the corners where the engine 
block, cylinder heads and intake manifold converge, then position 


intake manifold loose 


pressed air (if available) to remove the 
debris from the holes. Warning: Wear safety 
glasses or a face shield to protect your eyes 
when using compressed air! Remove exces- 
sive carbon deposits and corrosion from the 
exhaust and coolant passages in the cylinder 
heads and manifold. 

21 Make a final inspection of the gasket sur- 
faces before installing the manifold. 

22 Apply a 1/8-inch wide bead of RTV seal- 
ant to the front and rear of the block surface 
and install the rubber front and rear manifold 
seals (see illustration). Note: This sealant 
sets up in 15 minutes. Do not take longer to 
install and tighten the manifold once the seal- 
ant is applied, or leaks may occur. 

23 Apply a small dab of RTV at the four cor- 
ners where the side gaskets will fit against the 
end seals. Position the side gaskets on the 
cylinder heads, over the alignment studs. The 
upper side of each gasket will have a TOP or 
THIS SIDE UP label stamped into it to ensure 
correct installation (see illustration). 

24 Make sure all intake port openings, cool- 


the side gaskets in place and apply an additional bead of 
RTV sealant where the end seals and intake 
manifold gaskets meet (arrow) 
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ant passage holes and bolt holes are aligned 
correctly. 

25 Carefully set the manifold in place while 
the sealant is still wet. Caution: Don't disturb 
the gaskets. Make sure the end seals haven't 
been disturbed. 

26 Lightly oil the manifold bolts, install 
them and tighten to the torque listed in this 
Chapter's Specifications, following the recom- 
mended sequence (see illustration). Work 
up to the final torque in three steps. Reinstall 
the manifold spacer with a new gasket, then 
install the upper manifold with its new gasket. 

27 Тһе remaining installation steps are 
the reverse of removal. Start the engine and 
check carefully for oil and coolant leaks at the 
intake manifold joints. 


8 Exhaust manifolds - removal and 
installation 


Removal 
Refer to illustrations 8.5, 8.7 and 8.8 
1 Disconnect the negative battery cable 


8.5 From below, remove the two exhaust 


Y-pipe-to-manifold nuts (arrows) 


8.8 Remove the exhaust manifold bolts and studs 


(left side shown, right side similar) 


from the battery and remove the engine 
cover. 

2 Raise the vehicle and support it securely 
on jackstands. 

3 Disconnect the oxygen sensor electrical 
connector (see Chapter 6). 

4 Working under the vehicle, apply pen- 
etrating ой to the exhaust Y-pipe-to-manifold 
studs and nuts (they're usually rusty). 

5 Remove the nuts holding the exhaust 
Y-pipe to the exhaust manifolds (see illus- 
tration). In extreme cases you may have to 
heat them with a propane or acetylene torch 
in order to loosen them. 


Right (passenger's side) manifold 

6 Disconnect the right-hand oxygen sen- 
sor, then disconnect the EGR tube from the 
manifold (see Chapter 6) and remove the 
exhaust Y-pipe bolts (see Chapter 4). 


Left (driver's side) manifold 

7 | Remove the nut holding the oil dipstick 
tube support at the front of the manifold, then 
pull the dipstick tube up and out of the oil pan 
(see illustration). Disconnect the left-hand 


oxygen sensor (see Chapter 6), then remove 
the exhaust Y-pipe bolts (see Chapter 4). 


Both manifolds 

8 Remove the mounting bolts and sepa- 
rate the exhaust manifold(s) from the cylinder 
head (see illustration). Note the locations of 
the bolts and studs, and remove the old gas- 
kets. 


Installation 


9 Check the exhaust manifold for cracks 
and make sure the bolt threads are clean 
and undamaged. The exhaust manifold and 
cylinder head mating surfaces must be clean 
before the manifolds are reinstalled - use a 
gasket scraper to remove all carbon deposits 
and old gasket material. Note: /f the exhaust 
manifold is being replaced with a new one, 
remove the oxygen sensor. Clean the threads 
of the oxygen sensor with a wire brush and 
coat the threads with high-temperature anti- 
seize compound before transferring the sen- 
sor to the new exhaust manifold. 

10 Position the exhaust manifold and new 
gasket on the cylinder head and install the 
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9.8 Remove the bolts and nuts (arrows) until the compressor and 
power steering pump steel bracket can be moved aside, away 
from the LH cylinder head 


mounting bolts and studs. Note: Exhaust 
manifold warpage is possible on some V6 
engines. If the manifold is warped slightly, 
install the pilot bolts first. Sometimes it's nec- 
essary to elongate (with a round file) some 
holes in the exhaust manifolds to start the 
bolts - but never file out the pilot bolt holes! 

11 When tightening the mounting bolts, 
tighten the center pair first, the front pair, then 
the rear pair, and be sure to use a torque 
wrench. Tighten the bolts in three equal steps 
until the torque listed in this Chapter's Specifi- 
cations is reached. 

12 The remaining installation steps are the 
reverse of removal. 

13 Start the engine and check for exhaust 
leaks. 


9 Cylinder heads - removal and 
installation 


Caution: The engine must be completely cool 
when the cylinder heads are removed. Failure 
to allow the engine to cool off could result in 
cylinder head warpage. 


Removal 

1  Disconnect the cable from the negative 
battery terminal. Refer to Chapter 1 and drain 
the cooling system, including removing the 
engine block drain plugs. 

2 Remove the valve covers (see Sec- 
tion 4). 

3 Remove the pushrods and rocker arms 
(see Section 5). 

4 Remove the upper intake manifold and 
the lower intake manifold (see Section 7). 

5  Unbolt the exhaust manifold (see Sec- 
tion 8) for the head(s) being removed. 


Left (driver's side) cylinder head 
Refer to illustration 9.8 

6  Unbolt the power steering reservoir and 
tie it aside in an upright position. Leave the 
hoses connected (see Chapter 10). 

7 Remove the drivebelts (see Chapter 1). 
8 Remove the air conditioning compressor/ 
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9.9 Remove the bolts/nuts (arrows) holding the compressor/ 
alternator bracket to the RH head 


idler pulley (shown removed) 


а? До хт, Ба D 
9.10 Remove the two bolts (arrows) at 
the back of the heads holding the wiring 

harness (transmission removed for clarity) 


power steering pump bracket from the head 
and position the assembly out of the way (see 
Chapter 3). DO NOT disconnect the hoses! 
(see illustration). 


Right cylinder head 

Refer to illustration 9.9 

9 On 2001 and later models, remove the 
ignition coil pack and the drivebelt idler pul- 
ley. Disconnect the alternator wiring (see 
Chapter 5). Unbolt the alternator bracket (see 
illustration). Note: The bracket can be left in 
place, with just the upper bolt in place, loose 
enough to allow the steel bracket to be swung 
out of the way. For removal of the aluminum 
compressor/alternator mount, remove all the 
bolts/studs. 


Both cylinder heads 

Refer to illustrations 9.10 and 9.11 

10 Loosen the cylinder head bolts in 1/4- 
turn increments until they can be removed by 
hand. Work from bolt-to-bolt in a pattern that's 
the reverse of the tightening sequence. Note: 
Head bolts should not be reused. Remove 
the bolts and discard them - new bolts must 
be used when installing the cylinder head(s). 


им; а aue шй 
9.11 Using a prybar, carefully lever it 
against a casting protrusion to lift the 
cylinder head and break the gasket seal 


Note: At the back of the cylinder heads, near 
the firewall, remove the bolts holding the wir- 
ing harness to each head (see illustration). 
11 Lift the cylinder head(s) off the engine. 
If resistance is felt, DO NOT pry between the 
cylinder head and engine block as damage 
to the mating surfaces will result. To dislodge 
the cylinder head, place a wood block against 
the end of it and strike the wood block with a 
hammer or place a prybar against a casting 
protrusion (see illustration). Store the cylin- 
der heads on blocks of wood to prevent dam- 
age to the gasket sealing surfaces. Caution: 
Do not slide the heads across the floor or 
workbench, the aluminum ís easily gouged. 
12 Cylinder head disassembly and inspec- 
tion procedures are covered in detail in Chap- 
ter 2, Part E. 


Installation 

Refer to illustrations 9.14, 9.16 and 9.19 

13 The mating surfaces of the cylinder 
heads and engine block must be perfectly 
clean when the cylinder heads are installed. 
Use a gasket scraper to remove all traces of 
carbon and old gasket material, then clean 
the mating surfaces with lacquer thinner or 


2В-10 


9.14 Check the cylinder head and block surfaces for flatness with 
a straightedge - if a feeler gauge in excess of the Specification fits 
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under it, have the head machined 


acetone. If there’s oil on the mating surfaces 
when the cylinder heads are installed, the 
gaskets may not seal correctly and leaks 
may develop. When working on the engine 
block, cover the lifter valley with shop rags to 
keep debris out of the engine. Use a vacuum 
cleaner to remove any debris that falls into the 
valley or intake ports. 

14 Check the engine block and cylinder head 


mating surfaces for nicks, deep scratches and : 


other damage. If damage is slight, it can be 
removed with a file - if it's excessive, machin- 
ing may be the only alternative. Do not use 
a rotary abrasive tool or wire brush on the 
aluminum cylinder heads. Use a straightedge 
and feeler gauges to check for warpage (see 
illustration). If the warpage is beyond Speci- 
fications, have the head machined at an auto- 
motive machine shop. 

15 Use a tap of the correct size to chase the 
threads in the cylinder head bolt holes. Dirt, 
corrosion, sealant and damaged threads will 
affect torque readings. 

16 Position the new gasket(s) over the 
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9.19 Cylinder head bolt tightening sequence 


dowel pins in the engine block (see illustra- 
tion). Make sure it’s facing the right way. 

17 Carefully position the cylinder head(s) 
on the engine block without disturbing the 
gasket(s). 

18 Before installing the new cylinder head 
bolts, lightly oil the threads. 

19 Install the bolts (long bolts inside, short 
bolts outside row) and tighten them finger 
tight. Follow the recommended sequence and 
tighten the bolts, in the recommended steps, 
to the torque listed in this Chapter's Specifica- 
tions (see illustration). Caution: When fol- 
lowing the torque sequence for the V6 engine, 
at Step 4, do not loosen all the bolts at the 
same time or the gasket will not seal properly. 
Loosen the first bolt in the sequence, tighten 
it to the final torque (see Steps 5 and 6) then 
go on to the next bolt in sequence, loosening 
and tightening the bolts until the sequence is 
completed. 

20 The remaining installation steps are the 
reverse of removal. 

21 Change the engine oil and filter (Chap- 


Lo 
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9.16 Locating dowels (arrows) are used to position the gaskets 
on the engine block - make sure the mark (circled) 
is correctly oriented 


10.3 Loosen the bolt on the idler assembly and swi 
out of the way of the cover 


ter 1), then start the engine and check care- 
fully for oil and coolant leaks. 


10 Timing chain cover - removal and 
installation 


Removal 

Refer to illustrations 10.3, 10.7, 10.8, 10.9a 
and 10.9b 

1 Refer to Chapter 1 and drain the cooling 
system. Refer to Chapter 3 and remove the 
fan, fan shroud and water pump. Disconnect 
the radiator and heater hoses. 

2 Drain the engine oil and remove the oil 
filter (Chapter 1). 

3 | Remove the crankshaft pulley and vibra- 
tion damper (see Section 16). Loosen the bolt 
on the belt idler and swing it aside (see illus- 
tration). It isn't necessary to remove the idler. 
4  Unbolt and remove all accessory brack- 
ets attached to the timing chain cover. When 
unbolting the power steering pump (see Sec- 


сата... 


ng the idler 
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10.7 Remove this Allen bolt (arrow) from 
the bottom left of the front cover (oil filter 
and pump shown removed) 


tion 9), tie it aside with the hoses still con- 
nected. On air-conditioned models, remove 
the compressor/power steering pump assem- 
bly and bracket, (see Section 9). 

5 Position the number one piston at TDC 
on the compression stroke (Section 3), then 
disconnect the electrical connector at the 
camshaft position sensor and remove the 
camshaft position sensor, (see Chapter 6). 
Also disconnect the knock sensor and crank- 
shaft position sensor electrical connectors 
(see Chapter 6). 

6 Remove the front oil pan bolts (see Sec- 
tion 14). 

7 Remove the socket-head bolt (see illus- 
tration). 

8 Disconnect the two heater hoses, then 
unbolt the heater outlet tube and pull it out 
(see illustration). Note: Pry the wiring har- 
ness clip out of the hole in the heater tube 
bracket. 

9 Remove the bolts and separate the tim- 
ing chain cover from the engine block. If it's 
stuck, tap it gently with a soft-face hammer 
(see illustrations). Caution: DO NOT use 
excessive force or you may crack the cover. 
If the cover is difficult to remove, double 


10.10 Scrape the old gasket and sealant 
from the block and cover, then clean the 
surfaces thoroughly 
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10.8 Pry the wiring harness clip (A) out 
of the heater tube mount (B), then remove 
the bolt (C) and pull the tube out 


check to make sure all of the bolts have been 
removed. 


Installation 

Refer to illustrations 10.10, 10.12, 10.16 

and 10.18 

10 Use a gasket scraper to remove all 
traces of old gasket material and sealant 
from the cover, oil pan and engine block, then 
clean them with lacquer thinner or acetone 
(see illustration). 

11 The oil pump is mounted in the timing 
chain cover and driven by the intermediate 
shaft, which is driven by the camshaft position 
sensor. See Section 15 for oil pump informa- 
tion. 

12 Inspect the gear and intermediate shaft 
inside the cover (see illustration). 

13 While the cover is off the engine, it's a 
good idea to install a new crankshaft front 
seal (see Section 16). 

14 Lubricate the front crankshaft oil seal lip 
with engine oil. 

15 Apply a small bead or RTV sealant along 
the oil pan-to-block joints. 

16 Install the timing chain cover gasket on 
the block and press it into place. Then again 


10.12 While the cover is off, inspect the 
camshaft position sensor driven gear (A) 
and the shaft (B) 


Ў алмаа бал: 
10.9a Gently tap the timing chain cover 
loose with a soft-face hammer 


10.9b Timing chain cover bolt and stud 
locations (arrows) 


apply a small bead of RTV sealant to the 
block-to-pan joints and along the front edge of 
the oil pan (see illustration). 

17 Slide the timing chain cover onto the 
engine. The dowel pins will position it cor- 
rectly. Don’t damage the seal and make sure 
the gasket remains in place. 


10.16 With the new cover gasket on the 
engine, apply a small bead of RTV sealant 
along the pan-to-cover flange, and a small 
bead on each side (arrow) where the pan, 
cover and block meet 
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10.18 Location of the timing chain cover 

bolt number 12 оп 2000 and later models 

(see the specifications at the front of this 
Chapter for the various bolt torque values) 


18 Instali the bolts finger tight. Tighten them 
to the torque listed in this Chapter's Specifi- 
cations (see illustration) only after the water 
pump has been installed (some of the water 
pump bolts also hold the timing chain cover in 
place). Note: When installing the water pump, 
be sure to coat the threads of the water pump 
bolt with sealant (see Chapter 3). 

19 Install the oil pan bolts (Section 14). 

20 Install the remaining parts in the reverse 
order of removal. 

21 Add engine oil and coolant (Chapter 1). 
22 Run the engine and check for leaks. 


11 Timing chain and sprockets 
- inspection, removal and 
installation 


Inspection 

Refer to illustration 11.4 

1 . Disconnect the negative battery cable 
from the battery. 

2 Refer to Section З and position the num- 
ber one piston several degrees before TDC 
on the compression stroke. 

3 | Remove the right valve cover (Sec- 
tion 4). 

4 Attach a dial indicator to the cylinder 


11.14b When the marks are aligned for 
TDC, the balance shaft keyway (arrow) 
will point straight up 
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timing chain deflection - use a short 
length of vacuum hose to hold the plunger 
on the pushrod (rocker arm removed), 
or set the indicator on the pushrod 
end of the rocker arm 


head with the plunger in-line with and resting 
on the pushrod side of the rocker arm (see 
illustration). 

5 Remove the timing chain cover (see 
Section 10). 

6  Temporarily remove the timing chain and 
sprockets to remove the chain tensioner (see 
below). 

7 Temporarily install the timing chain and 
sprockets without the tensioner and slip the 
timing chain cover and vibration damper in 
place to provide timing marks. 

8 Turn the crankshaft clockwise until the 
number one piston is at TDC (Section 3). This 
will take up the slack on the right side of the 
chain. 

9 Zero the dial indicator. 

10 Slowly turn the crankshaft counterclock- 
wise until the slightest movement is seen on 
the dial indicator. Stop and note how far the 
number one piston has moved away from 
TDC by looking at the ignition timing marks. 
11 If the mark has moved more than 6 
degrees, install a new timing chain and 
sprockets. 


11.15 Remove the camshaft sprocket bolt 
without turning the engine 


11.14a Align the timing marks on the 
crankshaft and camshaft sprockets 
(arrows) before removing the 
sprockets from the shafts 


Removal 

Refer to illustrations 11.14a, 11.14b, 11.15, 
11.16 and 11.17 

12 Position the number one piston at TDC 
on the compression stroke (Section 3). 

13 Remove the timing chain cover (Sec- 
tion 10). Try to avoid turning the crankshaft 
during vibration damper removal. 

14 Make sure the crankshaft, camshaft 
and balance shaft sprocket timing marks are 
aligned (see illustrations). if they aren't, 
install the vibration damper bolt and use 
it to turn the crankshaft clockwise until all 
marks are aligned. Note: When all marks are 
aligned, the crankshaft keyway is straight up, 
the camshaft keyway is straight down, and the 
balance shaft keyway is straight up. 

15 Remove the camshaft sprocket mount- 
ing bolt and camshaft position sensor drive 
gear (see illustration). Caution: Do not allow 
the crankshaft to be turned from TDC while 
removing the camshaft sprocket bolt. 

16 Compress the timing chain tensioner 
with a screwdriver and insert a drill, punch or 
Allen wrench as a retaining pin to hold it in the 
retracted position (see illustration). 

17 Pull the camshaft sprocket/chain off the 


11.16 Compress the timing chain 
tensioner with a screwdriver and insert 
a pin punch as a retaining pin 


11.17 Remove the camshaft sprocket and 
chain from the camshaft 


camshaft (see illustration). Note: The crank- 
shaft sprocket will slide off with the chain and 
camshaft sprocket. 

18 If you intend to remove the tensioner 
assembly, remove the two bolts holding it to 
the block. 


Installation 

Refer to illustrations 11.20 and 11.22 

19 Turn the crankshaft until the key is facing 
up (12 o'clock position). 

20 Drape the chain over the camshaft 
sprocket and turn the sprocket until the timing 
mark faces down (6 o'clock position). Position 
the chain over the camshaft and crankshaft 
sprockets with their timing marks aligned, 
then slip both. sprockets onto the camshaft 
and crankshaft (see illustration). 

21 When correctly installed, a straight line 
should pass through the center of the balance 
shaft gear, the camshaft, the camshaft timing 
mark (in the 6 o'clock position), the crankshaft 
timing mark (in the 12 o'clock position) and 
the center of the crankshaft (see illustrations 
11.14a and 11.14b). DO NOT proceed until 
the valve timing is correct! 

22 Install the camshaft position sensor drive 
gear (see illustration). 

23 Apply a non-hardening thread lock- 
ing compound to the threads and install the 
camshaft sprocket bolt. Tighten the bolt to the 
torque listed in this Chapter’s Specifications. 
24 Remove the retaining pin from the timing 
chain tensioner. Reinstall the remaining parts 
in the reverse order of removal. 


12 Valve lifters - removal, inspection 
and installation 


Removal 

Refer to illustrations 12.3a, 12.3b, 12.4a 

and 12.4b 

1 Remove the upper intake plenum (Chap- 
ter 4) and lower intake manifold (Section 7). 

2 Remove the rocker arms and pushrods 
(Section 5). 

3 Before removing the lifters, arrange to 
store them in a clearly labeled box to ensure 


Chapter 2 PartB 4.2L V6 engine 


11.20 Assemble the chain and both 
sprockets so the marks (arrows) are 
aligned, then slip the assembly onto the 
crankshaft and camshaft 


12.3a Remove the lifter guide retainer 
bolts (arrows) 


that they’re reinstalled in their original loca- 
tions. Remove the lifter guide plates (see 
illustrations). 

4 There are several ways to extract the lift- 
ers from the bores. Special tools designed to 
grip and remove lifters are manufactured by 
many tool companies and are widely available 
(see illustration), but may not be needed 
in every case. On newer engines without a 


12.4a If the lifters are difficult to remove, 
you may have to remove them with a 
special puller... 


camshaft position sensor drive gear with 
the Woodruff key on the camshaft 


organized manner to make sure they're 
reinstalled in their original locations 


lot of varnish buildup, the lifters can often be 
removed with a small magnet (see illustra- 
tion) or even with your fingers. A machinist's 
scribe with a bent end can be used to pull the 
lifters out by positioning the point under the 
retainer ring in the top of each lifter. On later 
engines, the roller lifters are retained in posi- 
tion by a tappet guide on each side (one guide 


"re ok sit 


12.4b ... or you may be able to remove 
the lifters with a magnet 
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for each bank of the engine). When the guides 
are removed, the lifters are easy to grasp and 
remove. Caution: Don't use pliers to remove 
the lifters unless you intend to replace them 
with new ones (along with the camshaft). The 
pliers may damage the precision machined 
and hardened lifters, rendering them useless. 
On engines with a lot of sludge and varnish, 
work the lifters up and down, using carburetor 
cleaner spray to loosen the deposits. 


Inspection 

Refer to illustrations 12.6 and 12.7 

5 Clean the lifters with solvent and dry 
them thoroughly without mixing them up. 

6 Check each lifter wall and pushrod seat 
for scuffing, score marks and uneven wear. If 
the lifter walls are damaged or worn (which 
isn't very likely), inspect the lifter bores in the 
engine block as well. If the pushrod seats 
(see illustration) are worn, check the push- 
rod ends. 

7 Check the roller carefully for wear and 
damage and make sure they turn freely with- 
out excessive play (see illustration). 

8 If any lifters are found to be defective, 
they can be replaced with new ones without 
having to replace the camshaft (unlike conven- 
tional, non-roller lifters), but if the camshaft is 
being replaced due to high mileage, all the lift- 
ers should be replaced as well. 


Installation 

9 The original lifters, if they're being rein- 
stalled, must be returned to their original loca- 
tions. Coat them with moly-base grease or 
engine assembly lube. 

10 Install the lifters in the bores. 

11 Install the guide plates and guide 
retainer. 

12 Install the pushrods and rocker arms. 

13 Install the intake manifold and valve cov- 
ers. 

14 Change the engine oil and filter (see 
Chapter 1). 


13 Camshaft, balance shaft and 
bearings - removal, inspection 
and installation 


Camshaft lobe lift check 


1 іп order to determine the extent of cam 
lobe wear, the lobe lift should be checked 
prior to camshaft removal. Refer to Section 
4 and remove the valve covers. The rocker 
arms must also be removed (Section 5), but 
leave the pushrods in place. 

2 Position the number one piston at TDC 
on the compression stroke (see Section 3). 

3 Beginning with the number one cylinder, 
mount a dial indicator on the engine and posi- 
tion the plunger in-line with and resting on the 
first pushrod (see illustration 8.4 in Chapter 
2, Part A). 

4 ' Zero the dial indicator, then very slowly 
turn the crankshaft in the normal direction of 
rotation until the indicator needle stops and 
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12.6 Inspect the pushrod seat (arrow) in 
the top of each lifter for wear 


(arrow) from the camshaft 


begins to move in the opposite direction. The 
point at which it stops indicates maximum 
cam lobe lift. 

5 Record this figure for future reference, 
then reposition the piston at TDC on the com- 
pression stroke. 

6 Move the dial indicator to the remaining 
number one cylinder pushrod and repeat the 
check. Be sure to record the results for each 
valve. 

7 | Repeat the check for the remaining 
valves. Since each piston must be at TDC on 
the compression stroke for this procedure, 
work from cylinder-to-cylinder following the fir- 
ing order sequence (see Section 3). 

8 After the check is complete, compare 
the results to the Specifications. If camshaft 
lobe lift is less than specified, cam lobe wear 
has occurred and a new camshaft should be 
installed. 


Removal 

Refer to illustrations 13.11, 13.12 and 13.13 
9 Refer to the appropriate Sections and 
remove the pushrods, the valve lifters and the 
timing chain and camshaft sprocket. The radi- 
ator should be removed also (Chapter 3). You 
also may have to remove the air conditioning 
condenser and the grille as well, but wait and 
see if the camshaft can be pulled out of the 
engine. 


12.7 The roller must turn freely - check for 
wear and excessive play as well 


13.12 T-30 Torx screws (arrows) retain the 
camshaft thrust plate - remove the thrust 
plate and spacer (at center of plate) 


10 Check the camshaft end play with a dial 
indicator aligned with the front of the cam- 
shaft. Insert the camshaft sprocket bolt and 
use it to pull the camshaft fore and aft. If the 
play is greater than specified, replace the 
thrust plate with a new one when the cam- 
shaft is reinstalled. 

11 Slide the larger balance shaft drive gear 
from the end of the camshaft (see illustra- 
tion). 

12 Remove the camshaft thrust plate bolts. 
А Т-30 Torx bit is required. Remove the thrust 
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13.13 Carefully guide the camshaft out 
of the engine block to avoid nicking the 
bearings with the lobes 
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13.15 The camshaft bearing journal 
diameters are checked to pinpoint 
excessive wear and out-of-round 
conditions 


plate and the spacer ring (see illustration). 
13 Carefully pull the camshaft out. Support 
the cam so the lobes don't nick or gouge the 
bearings as it's withdrawn (see illustration). 


Inspection 

Refer to illustration 13.15 

14 After the camshaft has been removed, 
clean it with solvent and dry it, then inspect 
the bearing journals for uneven wear, pitting 
and evidence of seizure. If the journals are 
damaged, the bearing inserts in the engine 
block are probably damaged as well. Both 
the camshaft and bearings will have to be 
replaced. Replacement of the camshaft bear- 
ings requires special tools and techniques 
which place it beyond the scope of the home 
mechanic. The engine block will have to be 
removed from the vehicle and taken to an 
automotive machine shop for this procedure. 
15 Measure the bearing journals with a 
micrometer (see illustration) to determine 
whether they are excessively worn or out-of- 
round. 

16 Inspect the camshaft lobes for heat dis- 
coloration, score marks, chipped areas, pit- 
ting and uneven wear. If the lobes are in good 
condition and if the lobe lift measurements are 
as specified, you can reuse the camshaft. 


Balance shaft 

Refer to illustrations 13.17 and 13.18 

17 Remove the bolts holding the balance 
shaft thrust plate (see illustration). 

18 Carefully guide the balance shaft out of 
the block (see illustration). Note: There is 
very little to go wrong with the balance shaft 
or its bearings, which are pressed into the 
front and rear of the block like camshaft bear- 
ings. If abnormal wear is noticed on either 
bearings or the front and rear balance shaft 
journals, the bearings must be replaced at an 
automotive machine shop, and a new balance 
shaft installed. The balance shaft gear can be 
replaced without replacing the balance shaft, 
but requires a machine shop press to replace 
it or the thrust plate on the balance shaft. 


13.17 Remove the balance shaft thrust 
plate bolts (arrows) 


19 When reinstalling the balance shaft, lubri- 
cate the front and rear journals and the back 
of the thrust plate with camshaft installation 
or engine assembly lube, and line the gear's 
keyway at the 12 o'clock position. Torque the 
thrust plate bolts to Specifications. 


installation 

Refer to illustrations 13.20 and 13.21 

20 Lubricate the camshaft bearing journals 
and cam lobes with camshaft installation lube 
(see illustration). 

21 Slide the camshaft into the engine. Sup- 
port the cam near the engine block and be 
careful not to scrape or nick the bearings. 
Align the camshaft keyway straight down (6 
o'clock position) and the balance shaft drive 
gear (on the camshaft) should align perfectly 
with the smaller gear on the balance shaft. 
Align their marks (see illustration). 

22 Apply moly-base grease or engine 
assembly lube to both sides of the thrust 
plate, then position it on the engine block with 
the oil grooves in (against the engine block). 
Install the bolts and tighten them to the torque 
listed in this Chapter's Specifications. 

23 Refer to the appropriate Sections and 


13.20 Apply camshaft installation lube to 
the camshaft lobes and journals prior 
to installation 


13.18 Guide the balance shaft out with 
one hand supporting the shaft 
inside the engine's valley 


install the lifters, pushrods, rocker arms, tim- 
ing chain/sprocket, timing chain cover and 
valve covers. 

24 Тһе remaining installation steps are the 
reverse of removal. 

25 Before starting and running the engine, 
change the oil and install a new oil filter (see 
Chapter 1). 


14 Oil pan - removal and installation 


Removal 

Refer to illustrations 14.10 and 14.11 

1 If the vehicle is equipped with air sus- 
pension, turn the switch OFF before raising 
the vehicle. 

2 Disconnect the cable from the negative 
battery terminal. 

3 Remove the oil dipstick. 

4 Refer to Chapter 1 and drain the engine 
oil and remove the oil filter. 

5 Remove the oil cooler, if equipped, from 
the engine block. 

6 Raise the vehicle and place it securely 
on jackstands. 


Een F. 


13.21 Align the marks (arrows) on the 
balance shaft drive gear on the camshaft 
(A) and the balance shaft driven gear (B) 
above it 
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14.10 Remove the two oil pan-to- 
transmission bolts (arrows) 


7 Remove the engine mount through-bolts 
(see Section 18). 

8 Raise the engine about two inches with 
either an overhead support fixture or a crane 
attached to the lifting eyes on the top of the 
engine. Caution: Do not use a jack under 
the oil pan itself, it is cast aluminum and can 
be damaged easily. Note: On 2001 and later 
models, the engine must be raised 13 inches 
to allow oil pan removal. This requires that the 
upper intake manifold and manifold spacer be 
removed first to provide clearance (see Sec- 
tion 7). 

9  Disconnect the electrical connector from 
the low oil level sensor located in the oil pan if 
so equipped. 

10 Remove the oil pan-to-transmission bolts 
(see illustration). 

11 Remove the oil pan-to-engine bolts (see 
illustration). : 

12 Remove the oil pan. It may be neces- 
sary to break the seal of the pan with a thin 
putty knife, but do not pry between the pan 
and block or the pan's sealing edge could be 
gouged, leading to oil leaks later. Empty any 
residual oil from the oil pan, and clean it out 
with solvent. 


Installation 

Refer to illustration 14.15 

13 Use a gasket scraper or putty knife 
to remove all traces of old gasket material 
and sealant from the pan and engine block. 
Remove the rubber seals at the rear main cap 
and clean any sealant residue with lacquer 
thinner. 

14 Clean the mating surfaces with lacquer 
thinner or acetone. Make sure the bolt holes 
in the engine block are clean. 

15 Use a dab of gasket adhesive to hold the 
rear rubber seals in the rear main cap, using а 
small screwdriver to force the new seal tightly 
into the groove (see illustration). Stick the 
side gaskets in place on the engine block with 
a few dabs of adhesive and tuck the front and 
rear tabs into the slots in the ends of the front 
and rear rubber seals. Apply a dab of RTV 
sealant to the four corners where the side 
gaskets meet the end seals. 

16 Make two alignment dowels by cutting off 
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14.11 Remove the pan-to-engine bolts 
(arrows indicate three) - note block of 
wood between engine and mount 


the heads of two long bolts that fit the holes 
in the block. Slot the ends of the "studs" with 
a hacksaw and install one at the front of the 
block and one at the rear. 

17 Apply a bead of RTV sealant on the 
block and front cover, and a small dab at each 
corner of the rubber rear seal. Caution: The 
oil pan must be installed within 15 minutes or 
the sealant will "kick off" and must be cleaned 
off and new sealer applied. 

18 Carefully position the pan against the 
engine block and install the bolts finger 
tight. When all of the pan-to-engine bolts are 
started, tighten the bolts to the torque listed 
in this Chapter's Specifications in two steps, 
removing the two alignment studs and replac- 
ing them with pan bolts. Start at the rear of the 
pan and work out toward the front. After the 
pan-to-engine bolts are tightened, install and 
tighten the pan-to-transmission bolts. 

19 The remaining steps are the reverse 
of removal. Caution: Don't forget to refill 
the engine with oil and install a new oil filter 
before starting it (see Chapter 1). 

20 Start the engine and check carefully for 
ой leaks at the oil pan. Drive the vehicle and 
check again. 


15 Oil pump - removal and 
installation 


Refer to illustrations 15.3, 15.11, 15.12a, 
15.12b and 15.13 

Note: /f there is insufficient oil pressure, see 
Chapter 2, Part E for oil pressure testing. 

1 The oil pump is mounted externally on 
the timing chain cover. 

2 Detach the oil filter (Chapter 1). 

3  Detach the cover and O-ring, then 
remove the gears from the cavity in the timing 
chain cover (see illustration). Discard the O- 
ring. 

4 Clean and inspect the oil pump cavity. If 
the oil pump gear pocket in the timing chain 
cover is damaged or worn, replace the timing 
chain cover. 


14.15 Press the new rear rubber seal onto 
the rear main cap and place a dab of RTV 
on each side (arrows) 
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15.3 After the filter is removed, the oil 
pump cover bolts are accessible (arrows) 


5 Remove all traces of gasket material 
from the oil pump cover, then check it for war- 
page with a straightedge and feeler gauges. If 
its warped more than 0.0016-inch, replace it 
with a new one. 

6 Тогетоме the pressure relief valve, first 
detach the timing chain cover from the engine 
(Section 10). Drill a hole in the plug (see illus- 
tration 10.14), then pry it out or remove it with 
a slide hammer and screw adapter. Remove 
the spring and valve from the bore. 

7 | Remove all metal chips from the bore 
and the valve, then check them carefully for 
wear, score marks and galling. If the bore is 
worn or damaged, a new timing chain cover 
will be required. The valve should fit in the 
bore with no noticeable side play or binding. 

8 Ifthe spring appears to be fatigued or 
collapsed, replace it with a new one. 

9 3 Apply clean engine oil to the valve and 
install it in the bore, small end first. Insert the 
spring, then install a new plug. Carefully tap 
it in until it's 0.010-inch below the machined 
surface of the cover. 

10 (Intermediate shaft inspection is covered 
in Section 10. 

11 The oil pump pickup tube is inside the oil 
pan. For access, remove the oil pan (see Sec- 
tion 14). Remove the pick-up tube nut and the 
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15.12b Put a straightedge across the 
pump body and measure the clearance 
above the gears 


two mounting bolts (see illustration). When 
reinstalling it, replace the gasket at the front. 
12 Using feeler gauges, measure the clear- 
ance between the rotors and the pump hous- 
ing, and the clearance over the rotors (see 
illustrations). 

13 Installation is the reverse of removal. 
Caution: Fill the ой pump with clean engine 
oil before installation. Install a new cover O- 
ring and tighten the bolts to the torque listed 
in this Chapter's Specifications in a criss- 
cross pattern (see illustration). Use a new 
pick-up tube gasket and tighten the mounting 
bolts securely. 


16 Crankshaft oil seals - 
replacement 


Front seal - timing chain cover 
in place 

Refer to illustrations 16.4a, 16.4b, 16.5, 16.6, 
16.8 and 16.10 

1 Disconnect the cable from the negative 


battery terminal. 
2. Remove the electric cooling fan/shroud 


assembly (see Chapter 3). 


15.11 To detach the oil pickup tube, remove the 
nut and bolts (arrows) 
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15.12a Measure the clearance between the rotor tips and the 
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pump housing and compare to the Specifications 


15.13 Install a new O-ring (arrow) 
lubricated with clean oil before reinstalling 
the oil pump 


3 Remove the drivebelts (see Chapter 1). 
4 Mark the crankshaft pulley and vibra- 
tion damper so they can be reassembled in 
the same relative position. This is important, 
since the damper and pulley are initially bal- 
anced as a unit. Unbolt and remove the pulley 
(see illustrations). 


16.4a Mark the pulley and vibration 
damper (marks A) before removing the 
four bolts (arrows) - the large vibration 
damper bolt in the center is usually very 
tight, so use a six-point socket and a 
breaker bar to loosen it 


5 Remove the bolt from the front of the 
crankshaft, then use a puller to detach the 
vibration damper (see illustration). Caution: 
Don't use a puller with jaws that grip the outer 
edge of the damper. The puller must be the 


16.4b While the damper is off, inspect 
the crankshaft position sensor ring; if it is 
damaged, remove the four bolts (arrows) 
and replace it 


16.5 Use the recommended puller to 
remove the vibration damper - if a puller 
that applies force to the outer edge is 
used, the damper will be damaged! 


16.6 Use a screwdriver or seal removal tool (shown) to work the 
seal out of the timing chain cover - be very careful not to 
damage the cover or nick the crankshaft! 


type shown in the illustration that utilizes bolts 
to apply force to the damper hub only. Clean 
the crankshaft nose and the seal contact sur- 
face on the vibration damper with lacquer 
thinner or acetone. Leave the Woodruff key 
in place in the crankshaft keyway. Note: The 
damper-to-crankshaft bolt is very tight. Have 
an assistant hold the driveplate from turning 
while removing the bolt, or hold the damper 
with a special strap wrench designed for this 
purpose. 

6 Carefully remove the seal from the cover 
with a screwdriver or seal removal tool (see 
illustration). Be careful not to damage the 
cover or scratch the wall of the seal bore. If 
the engine has accumulated a lot of miles, 
apply penetrating oil to the seal-to-cover joint 
and allow it to soak in before attempting to 
remove the seal. 

7 | Check the seal bore and crankshaft, as 
well as the seal contact surface on the vibra- 
tion damper for nicks and burrs. Position the 
new seal in the bore with the open end of the 
seal facing IN. A small amount of oil applied 
to the outer edge of the new seal will make 
installation easier. 


16.10 A soft-face hammer can be used to tap the vibration 
damper onto the crankshaft - don't use a steel hammer! 
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8 Drive the seal into the bore with a large 
socket and hammer until its completely 
seated (see illustration). Select a socket 
that's the same outside diameter as the seal 
(a section of pipe can be used if a socket isn't 
available). 

9 Apply moly-base grease or clean engine 
oil to the seal contact surface of the vibration 
damper and coat the keyway (groove) with a 
thin layer of RTV sealant. 

10 Install the damper on the end of the 
crankshaft. The keyway in the damper bore 
must be aligned with the Woodruff key in the 
crankshaft nose. If the damper can't be seated 
by hand, tap it into place with a soft-face ham- 
mer (see illustration) or slip a large washer 
over the bolt, install the bolt and tighten it to 
press the damper into place. Remove the 
large washer, then install the bolt and tighten 
it to the torque listed in this Chapter's Specifi- 
cations. 

11 Install the remaining parts removed for 
access to the seal. 

12 Start the engine and check for leaks at 
the seal-to-cover joint. 


16.15 The new seal can also be driven in carefully with the cover 
off the engine - be sure to support the cover from below with a 


16.8 Clean the bore, then apply a smali amount of oil to the outer 

edge of the new seal and drive it squarely into the opening with a 

large socket and a hammer - don't damage the seal in the process 
and make sure it's completely seated 


Front seal - timing chain cover 


removed 

Refer to illustration 16.15 

13 Use a punch or screwdriver and ham- 
mer to drive the seal out of the cover from the 
back side. Support the cover as close to the 
seal bore as possible. Be careful not to distort 
the cover or scratch the wall of the seal bore. 
If the engine has accumulated a lot of miles, 
apply penetrating oil to the seal-to-cover joint 
on each side and allow it to soak in before 
attempting to drive the seal out. 

14 Clean the bore to remove any old seal 
material and corrosion. Support the cover on 
blocks of wood and position the new seal in 
the bore with the open end of the seal facing 
IN. A small amount of oil applied to the outer 
edge of the new seal will make installation 
easier - don't overdo it! 

15 Drive the seal into the bore with a large 
socket and hammer until it's completely 
seated (see illustration). Select a socket 
that's the same outside diameter as the seal 
(a section of pipe can be used if a socket isn't 
available). 


wood block to prevent damage to the cover 


16.17 If you’re very careful not to damage the crankshaft or the 
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seal bore, the rear seal сап be pried out with a screwdriver - 
normally a special puller is used for this procedure 


Rear main seal 

Refer to illustration 16.17 

16 Refer to Chapter 7 and remove the 
transmission, then detach the driveplate and 
the rear cover plate from the engine (Sec- 
tion 17). 

17 Тһе old seal сап be removed by prying 
it out with a screwdriver (see illustration) or 
by making one or two small holes in the seal 
flange with a sharp pick, then using a screw- 
in type slide-hammer puller. Be sure to note 
how far the seal is recessed into the bore 
before removing it; the new seal will have to 
be recessed an equal amount. Caution: Be 
very careful not to scratch or otherwise dam- 
age the crankshaft or the bore in the housing 
or oil leaks could develop! 

18 Clean the crankshaft and seal bore with 
lacquer thinner or acetone. Check the seal 
contact surface very carefully for scratches 
and nicks that could damage the new seal lip 
and cause oil leaks. If the crankshaft is dam- 
aged, the only alternative is a new or different 
crankshaft. 

19 Make sure the bore is clean, then apply a 
thin coat of engine oil to the outer edge of the 
new seal. Apply multi-purpose grease to the 
seal lips. The seal must be pressed squarely 
into the bore, a special seal installation tool is 
highly recommended. Hammering it into place 
is not recommended. If you don't have access 
to the special tool, you may be able to tap 
the seal in with a large section of pipe and a 
hammer. if you must use this method, be very 
careful not to damage the seal or crankshaft! 
And work the seal lip carefully over the end 
of the crankshaft with a blunt tool such as the 
rounded end of a socket extension. 

20 Reinstall the engine rear cover plate, the 
driveplate and the transmission. 


17 Driveplate - removal and 
installation 


Refer to illustrations 17.2 and 17.3 
1 Raise the vehicle and support it securely 


on jackstands, then refer to Chapter 7 and 
remove the transmission. If it's leaking, now 
would be a very good time to replace the front 
pump seal/O-ring. 

2 Look for factory paint marks that indicate 
driveplate-to-crankshaft alignment. If they 
aren't there, use a center-punch or paint to 
make alignment marks on the driveplate and 
crankshaft to ensure correct alignment during 
reinstallation (see illustration). 

3 Remove the bolts that secure the drive- 
plate to the crankshaft (see illustration). If 
the crankshaft turns, wedge a screwdriver 
through the starter opening to jam the drive- 
plate. 

4 Remove the driveplate from the crank- 
shaft. Warning: The ring gear teeth may be 
sharp, so wear gloves to protect your hands. 
5 Clean and inspect the mating surfaces of 
the driveplate and the crankshaft. If the crank- 
shaft rear seal is leaking, replace it before 
reinstalling the driveplate. 

6 Position the driveplate against the crank- 
shaft. Be sure to align the marks made dur- 
ing removal. Note that some engines have an 
alignment dowel or staggered bolt holes to 
ensure correct installation. Before installing 
the bolts, apply Teflon thread sealant to the 
threads. 

7: Prevent the driveplate from turning as 


17.2 Make an alignment mark (arrow) on the 
driveplate and crankshaft 


17.3 Insert a prybar 
through a hole to 


keep the crankshaft 
from turning when 
loosening/tightening 
the bolts 


you tighten the bolts to the torque listed in this 
Chapter's Specifications. 

8 The remainder of installation is the 
reverse of the removal procedure. 


18 Engine mounts - check and 
replacement 


1 Engine mounts seldom require attention, 
but broken or deteriorated mounts should 
be replaced immediately or the added strain 
placed on the driveline components may 
cause damage or wear. 


Check 


2 During the check, the engine must be 
raised slightly to remove the weight from the 
mounts. 

3 Raise the vehicle and support it securely 
on jackstands, then position a jack under 
the engine oil pan. Place a large wood block 
between the jack head and the oil pan, then 
carefully raise the engine just enough to take 
the weight off the mounts. Warning: DO NOT 
place any part of your body under the engine 
when it's supported only by a jack! 

4 Check the mounts to see if the rubber 
is cracked, hardened or separated from the 
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metal plates. Sometimes the rubber will split 
right down the center. Rubber preservative 
should be applied to the mounts to slow dete- 
rioration. 

5 Check for relative movement between 
the mount plates and the engine or frame 
(use a large screwdriver or pry bar to attempt 
to move the mounts). If movement is noted, 
lower the engine and tighten the mount fas- 
teners. 


Replacement 

Refer to illustrations 18.9 and 18.11 

6 Disconnect the cable from the negative 
battery terminal. 


18.9 Remove the engine mount through-bolts (A) - B indicates 
one of the mount-to-block bolts (left side shown here) 
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7 Detach the air cleaner duct. 

8 Support the engine from above, using 
an engine support fixture or overhead crane. 
Take a slight amount of weight off the engine. 
9 Remove the engine mount through-bolts 
(see illustration). 

10 Raise the engine high enough to clear 
the brackets. Do not force the engine up too 
high. If it touches anything before the mounts 
are free, remove the part for clearance. 

11  Unbolt the mount from the engine block 
and remove it from the vehicle (see illustra- 
tion). Note: On vehicles equipped with self- 
locking nuts and bolts, replace them with 
new ones whenever they are disassembled. 


18.11 Remove the remaining bolts (arrows) hoiding the mount to 
the engine - front of left mount shown here 


Prior to assembly, remove hardened residual 
adhesive from the engine block holes with an 
appropriate-size bottoming tap. 

12 Attach the new mount to the engine 
block and install the bolts and stud/nuts in the 
appropriate locations. Tighten the fasteners 
securely. 

13 Lower the engine into place. Install the 
through bolts and tighten them to Specifica- 
tions. 

14 Complete the installation by reinstall- 
ing all parts removed to gain access to the 
mounts. 
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Specifications 
General 
Displacement 
ӘЗ O OOIEOE EE EET EEE Г TEE 302 cubic inches 
ОЕК E Нн, 12. ЕСЕНИН 22. 351 cubic inches 
T. ао о 460 сибіс іпсһеѕ 
Cylinder numbering, front to rear 
БЛОГ енеке кк НИТ E cee 1-2-3-4 
LIS SFE] кенкенкенек кентке Л О ГГ ra o DE 5-6-7-8 
Firing order 
199Zeandh993i5:OlNand 7-Бісепдіпеб:с.......... 040060022... 1-5-4-2-6-3-7-8 
1994 through 1996 5.0L and all 5.8L епдіпеѕ..................................., 1-3-7-2-6-5-4-8 
Camshaft lobe lift 
5.0L and 5.8L engines 
Intake 
5.0L 
HOS Pathe Ја БТ ә ООУ ООЛ О О ОООО ОО О УУ, 0.2375 inch 
ТЯ о ууун ныи ызны зы нее 0.2637 inch 
51818 
ПОВ ОТОП ООВ... 0.2780 inch 
ЕНЕ UR TOC C ED ЛАГ К О О 0.2637 inch 
Exhaust 
5:06 
У ее о а а 0.2474 inch 
(l'OM... on ТТ ннн оны CLERC ect re. eee 0.2801 inch 
5.8L : 
WOO? through 9696. .. 9... ооа... 0.2830 inch 
НТ emet и тыз +++». Mo 0.2801 inch 
MaM AOW ABIE е нанне 0.0050 inch 
7.5L engine | 
ПЕС К О M eee rine Rer 0.2520 inch 
ERRAN cite EE coo a 727 е”... 7... 0.2780 inch 


0.0050 inch 
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Torque specifications 


Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 


Gamshaftisprocketibolte сте. ERE 40 to 45 
Camshaft thrust plate стеу Е... и 108 to 144 in-Ibs 
ДЛТ) УЕР ОЕ тт Оо аса оО 15 їо 21 
Cylinder head bolts 
5.0L engine 
1992 through 1995 
ӨЛЕН кен кен а НЕ 55 to 65 
Сер Ж у узы... aeRO о: UE 65 to 72 
1996 
STGP MI К аа 25 to 35 
күте? ТТТ Е 45 to 55 
STOPS 552555222... ооо ат ооо Turn an additional 90 degrees 
5.8L engine 
AS) N ылды ннан НИНИН... 85 
icd dM IE 95 
сы ЕДЕННЕН ШК ЕНГ Ы 105 іо 112 
7.5L engine 
ЗУ СЕТИО ОССЕ ОТОНА ЕРНИН 701080 
Әри мес. CENE CELLA 400 to 110 
SIEDS n йен ЫЫ e А ТИКО secs Ыы ООО 130 to 140 
Crankshaft vibration damper DOlt sr... rsccertssececcessccessecactcscartsces<ceenstyreesee 70 to 90 
Driveplatelbolls 7 Лл КАЛАДЫ ТІ ТӨЛІ Н 75 to 85 
Intake manifold (lower) boits 
1992 through 1995 
RS DIIGO US КООШО ЕСТЕ 22 to 30 
ӘЛӨШПЕЙ DOMES ОАА 19 to 25 
1996 
5.0L and 5.8L engines 
SCOP ТОКО ТОО UH аса ома. 60 to 120 in-Ibs 
ӘБИ ТЕКЕ 222... 23 to 25 
7.5L engines 
SS LIAM е ОЛ secre cect н ыы о О eae OD IDOL СУ, 96 to 144 in-Ibs 
с 2 ЕНТ ТТТ 12 to 22 
Зеро: елек кке е 22 to 35 
intake mamfold (Upper) Боо 12 to 18 
Exhaust manifold bolts 
o:0l*and;5:SIEengimes-e ху о e eer A РНЕ 18 to 24 
OU EMG UM Gccserenscesssscastecseaace ss cascasecececcancecisssscscsncissceeveeerereserenseteusteve 24 to 30 
Oil pick-up tube-to-oil pump БО... 12 to 18 
Oil pick-up tube-to-main bearing cap Бой...........................................у.уү 22 to 32 
Oilipampsto-block bolt: ЕТИКЕТИТЕ ER E ET TEES 22 to 32 
Oil pan bolts 
(Acinchibolts ЕЕ Т... лон Па ы 84 to 108 in-Ibs 
SM MG-IMCMiIDOLS КОО... Ие 108 to 132 in-Ibs 
Crankshaft pulley-to-damper bolts.............c:ccccssceccccsessesesescvssesesseseeseeveess 35 to 50 
Коскегагт БоБ ао 18 to 25 
Valve cover bolts 
SOL and 5:8 engines" — «Ie а.а EE а О: 132 to 168 іп-ІБ 
Теәісепдіпегед; 2 ИИ ДДТ. 72 to 108 in-Ibs 
FRONT Cylinder location and distributor rotation 
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Ft-Ibs (unless otherwise indicated) 
-Ibs) of torque. Torque values below approximately 15 foot-pounds are 


Firing order 


1994 through 1996 5.0L and all 5.8L: 1-3-7-2-6-5-4-8 
1992 and 1993 5.0L and all 7.5L: 1-5-4-2-6-3-7-8 
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1 General information 


Several V8s of various displacements 
are covered by this manual. All are gaso- 
line fueled with overhead valves actuated by 
hydraulic lifters and have crankshafts sup- 
ported by five main bearings. 

‘Family’ engine groupings include the 
5.0L (302 cubic inch) models, the 5.8L (351 
cubic inch) and the 7.5L (460 cubic inch) 
model. 

All of these engines are three-point 
mounted, with two side mounts at the front 
and one crossmember mount underneath the 
transmission. The engines can be removed 
from the vehicle with a normal amount of prex 
paratory work when overhaul or other major 
operations are necessary. 


2 Repair operations possible with 
the engine in the vehicle 


Many major repair operations can be 
accomplished without removing the engine 
from the vehicle. Clean the engine compart- 
ment and the exterior of the engine with some 
type of pressure washer before any work is 
done. A clean engine will make the job easier 
and will help keep dirt out of the internal areas 
of the engine. 

Components within the engine compart- 
ment can be accessed from the front of the 
vehicle by lifting the hood or from inside the 
passenger compartment by removing the 
engine cover (refer to Chapter 11 if neces- 
sary). Depending upon the extent of the repair, 
it may be necessary to use both methods. 

If vacuum, exhaust, oil or coolant leaks 
develop, indicating a need for gasket or 
seal replacement, the repairs can gener- 
ally be made with the engine in the vehicle. 
The intake and exhaust manifold gaskets, oil 
pan gasket and cylinder head gasket are all 
accessible with the engine in place. 

Exterior engine components as well as 
some internal components can be checked 


4.8 The valve cover is held in place with several bolts (arrows) 


and serviced with the engine in the vehicle. 
Refer to this Chapter's Table of Contents for 
these operations and components. In addi- 
tion, the water pump (see Chapter 3), the 
starter motor, the alternator, the distributor 
(see Chapter 5) and the fuel injection system 
(see Chapter 4) can be removed for repair 
with the engine in place. 

Some component checks such as cam- 
shaft lobe lift measurement, timing chain 
wear, and piston ring/cylinder head condition 
(compression check) can also be performed 
while the engine is installed. 

Since the cylinder head can be removed 
without pulling the engine, valve component 
servicing can also be accomplished with the 
engine in the vehicle. 

In extreme cases caused by a lack of 
necessary equipment, repair or replacement 
of piston rings, pistons, connecting rods and 
rod bearings is possible with the engine in the 
vehicle. However, this practice is not recom- 
mended because of the cleaning and prepa- 
ration work that must be done to the compo- 
nents involved. 


3 Тор Dead Center (TDC) for 
number 1 piston - locating 


Refer to illustration 3.1 

Follow the procedure described in Chap- 
ter 2, Part A, but use the timing marks as 
shown in the accompanying illustration (see 
illustration). 


4 Valve covers - removal and 
installation 


Refer to illustrations 4.8 and 4.10 


Removal 

1 Remove the air cleaner and intake duct 
assembly (see Chapter 4). 

2 Remove the crankcase ventilation hoses 
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4.10 Being careful not to damage the mating surface of the head, 


TDC 


aTDC~ | | 


BTDC 
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3.1 Details of the timing marks and 
stationary pointer 


and lines where applicable (see Chapter 6). 

3 Disconnect the spark plug wires. Mark 
them so they can be installed in their original 
locations. 

4 If necessary, remove the air injection 
valves and hoses and position them out of the 
way (see Chapter 6). 

5 Оп some models it is necessary to 
remove the air conditioning compressor for 
clearance (see Chapter 3). Unbolt the air con- 
ditioning compressor and position it aside. 
Warning: Тһе air conditioning system is 
under pressure. Don't disconnect the hoses. 
6 Remove the upper intake manifold (see 
Section 10) from the lower intake manifold. 

7 Mark and detach any vacuum hoses, 
electrical connectors or wiring harnesses 
that would interfere with removal of the valve 
cover(s). 

8 Remove the valve cover retaining bolts 
(see illustration). 

9 Remove the valve covers. If a cover 
sticks, knock it loose with a hammer and a 
block of wood. If it is still stuck, carefully pry 
the cover off, but be very careful not to distort 
the sealing surface of the cover. 

10 Remove ali old gasket material and seal- 
ant from the valve cover and cylinder head 
gasket surfaces (see illustration). 
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carefully remove the valve cover gasket with a 
gasket scraper or putty knife 


5.4 Loosen the nut or bolt (arrow) and 
pivot the rocker arm to the side to 
remove the pushrod 


Installation 

11 Make sure the gasket surfaces of the 
valve covers are flat and smooth, particularly 
around the bolt holes. Use a hammer and a 
block of wood to flatten them out if they are 
deformed. 

12 Attach a new valve cover gasket to the 
cover. Notice that there are tabs provided in 
the cover to retain the gasket. It may be nec- 
essary to apply RTV sealant to the corners of 
the cover to retain the gasket there. 

13 Install the valve cover onto the cylinder 
head, making sure that the bolt holes are 
aligned correctly. 

14 Install the valve cover retaining bolts fin- 
ger tight. 

15 Tighten the retaining bolts, a little at 
a time, to the torque listed in this Chapter’s 
Specifications. Caution: Do not overtighten 
the bolts or the valve covers will warp and the 
gaskets will be pushed out of position, result- 
ing in leaks. 

16 Тһе remainder of the installation proce- 
dure is the reverse of removal. 

17 Start the engine and run it until it reaches 
normal operating temperature, then check for 
leaks. 


5 Rocker arms and pushrods - 
removal and installation 


Refer to illustration 5.4 


Removal 

1 Remove the valve covers as described 
in Section 7. 

2 If you're removing the rocker arms, 
remove the rocker arm fulcrum bolts (see 
illustration 5.2 in Chapter 2, Part A). 

3 Remove the oil deflectors (if equipped), 
fulcrums, fulcrum guides (if equipped) and the 
rocker arms. Keep the rocker arms and ful- 
crums in order so that they may be installed in 
their original positions and orientation. 

4 If only the pushrods are being removed, 
loosen the fulcrum retaining bolts and rotate 
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6.20 Correct alignment of the crankshaft 

and the camshaft sprocket timing 
marks (arrows) 


the rocker arms out of the way of the push- 
rods. Simply lift the pushrods from their holes 
in the cylinder head (see illustration). Keep 
the pushrods in order so that they may be 
installed in their original positions and orienta- 
tion. 

5 Inspect the rocker arms and pushrods as 
described in Chapter 2, Part E. 


Installation 

6 Apply engine oil or assembly lube to the 
top of the valve stem and the pushrod guide 
in the cylinder head. 

7 X Apply engine oil to the rocker arm ful- 
crum seat and the fulcrum seat socket in the 
rocker arm. 

8 Install the pushrods in the correct posi- 
tions, with lubricant applied to both ends. 

9 Install the fulcrum guides (if equipped), 
rocker arms, fulcrums, oil deflectors (if 
equipped) and fulcrum bolts. 

10 Tighten the fulcrum bolts to the torque 
listed in this Chapter's Specifications. 

11 If components were replaced, check the 
valve clearances (see Chapter 2, Part E). If 
necessary, install a longer or shorter pushrod. 
12 install the valve covers as described in 
Section 4. 

13 Start the engine and check for oil leaks. 


6 Timing cover and chain - removal 
and installation 


Timing chain wear - quick 
check 


1 Using a breaker bar and a socket on the 
crankshaft vibration damper bolt, rotate the 
crankshaft until the timing marks on the pulley 
indicate TDC (see Section 3). 

2 Rotate the crankshaft counterclockwise 
about 30-degrees, then slowly and smoothly 
bring the crank back up to TDC. Do not pass 
the 0-дедгее mark. If TDC is passed, repeat 
steps 1 and 2. 
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6.22 Once the camshaft sprocket bolt has 
been removed, pull both sprockets and 
the chain from their shafts 


3 Remove the distributor cap from the dis- 
tributor (if not already done) (see Chapter 5). 
Note: / is not necessary to remove the spark 
plug wires for this operation. 

4 While observing the distributor rotor for 
movement, slowly rotate the crankshaft coun- 
terclockwise again, stopping as soon as any 
rotor movement is noted. 

5 Check the timing marks and record the 
number of degrees before TDC is indicated 
on the scale. 

6 If the check indicates that over five 
degrees of crankshaft movement is required 
before any rotor movement is noted, the tim- 
ing chain is probably stretched and requires 
replacement. 

7 Replace the timing chain and sprockets 
as required. 


Removal 

Refer to illustrations 6.20 and 6.22 

8 Remove the radiator (see Chapter 3). 

9 Remove the water pump (see Chap- 
ter 3). 

10 Remove the bolts and washers retaining 
the crankshaft pulley to the vibration damper. 
Remove the crankshaft pulley. 

11 Remove the large bolt and washer retain- 
ing the vibration damper to the crankshaft. 

12 Remove the vibration damper (see illus- 
tration 6.7 in Chapter 2, Part A). 

13 Remove the damper key and crankshaft 
pulley spacer if equipped. 

14 Remove the oil pan-to-timing cover 
bolts. 

15 Remove the retaining bolts holding the 
timing cover to the engine block. 

16 Use a thin bladed knife or similar too! 
to cut the oil pan seal flush with the engine 
block mating surface, inserting the thin blade 
between the cover and the block at the block/ 
pan/cover joint area. 

17 Remove the timing cover. 

18 Stuff shop rags into the opening at the 
front of the oil pan to keep out gasket material 
or other debris, and remove the circular rub- 
ber seal from the front of the pan. 
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19 Check the timing chain deflection (see 
Chapter 2, Part E). If the deflection exceeds 
the Specifications, the timing chain and 
sprockets will need replacement with new 
parts. 

20 If the timing chain and sprockets are 
being removed, turn the engine until the tim- 
ing marks are aligned (see illustration). 

21 Remove the camshaft sprocket retaining 
bolt and washer. 

22 Slide the timing chain and sprockets for- 
ward and off of the camshaft and crankshaft 
as an assembly (see illustration). Warning: 
Do not rotate the crankshaft or the camshaft 
while the timing chain is removed or damage 
to valvetrain or pistons may result. 

23 Remove the timing cover gasket. Clean 
all residual gasket material from the cover, oil 
pan and block. 

24 Remove the crankshaft front oil seal from 
the timing cover. 


Installation 

25 Coat the outside edge of the new crank- 
shaft oil seal with engine oil and install the 
seal in the cover using an appropriate drive 
too!. Make sure the seal is seated completely 
in the bore. 

26 Assemble the timing chain and sprock- 
ets so the timing marks are in alignment (see 
illustration 6.20). 

27 Install the chain and sprockets onto the 
camshaft and crankshaft as an assembly. 
Make sure that the timing marks remain in 
proper alignment during the installation proce- 
dure. 

28 Install the camshaft sprocket retaining 
bolt and washer. Tighten the retaining bolt to 
the torque listed in this Chapter’s Specifica- 
tions. Lubricate the timing chain and sprock- 
ets with engine oil. 

29 Cut and position the required forward 
sections of new oil pan gaskets to the exposed 
flanges of the oil pan. Glue the pieces down 
with contact cement. 

30 Apply sealant at the comers of the mat- 
ing surfaces. 

31 Install a new rubber seal at the front of 
the pan and secure it to the pan with contact 
cement. 

32 Coat the gasket surfaces of the cover 
with sealant and install a new gasket. Coat 
the mating surface on the block with sealant. 
33 Position the timing cover оп the block. 
Use care when installing the cover to avoid 
damaging the front seal or dislocating any 
gaskets. 

34 Install the cover alignment tool if avail- 
able to position the cover properly. If no align- 
ment tool is available, you will have to use the 
crankshaft pulley to position the seal. It may 
be necessary to force the cover down slightly 
to compress the oil pan seal. This can be done 
by inserting a punch through the bolt holes. 
35 Coat the threads of the bolts with RTV 
sealant and install the bolts. 

36 While holding the cover in alignment, 
tighten the cover bolts and then the oil pan-to- 
front cover retaining bolts to the torque values 
listed in this Chapter's Specifications. 


7.6 The lifters in an engine that has 
accumulated many miles may have to be 
removed with a special tool - be sure to 
store the lifters in an organized manner 
to make sure they're reinstalled in 
their original locations 


37 Remove the alignment tool or punch. 

38 Apply a thin coat of grease to the vibra- 
tion damper seal contact surface. 

39 Install the crankshaft spacer, if 
equipped. 

40 Install the Woodruff key onto the crank- 
shaft and slide the vibration damper into posi- 
tion. 

41 Install the damper using an installation 
tool (see illustration 6.31 in Chapter 2, Part 
A). 

42 Install the vibration damper retaining bolt 
and washer. Tighten the bolt to the torque 
listed in this Chapter’s Specifications. Note: 
This bolt may be used to push the damper 
onto the crankshaft if the proper installation 
tool is not available. 

43 Attach the crankshaft pulley to the 
damper and install the pulley retaining bolts. 
44 The remainder of the installation proce- 
dure is the reverse of removal. Make sure that 
all bolts are tightened securely. If any coolant 
entered the oil pan when separating the timing 
chain cover from the block, the crankcase ой 
should be drained and the oil filter removed. 
Install a new oil filter and refill the crankcase 
with the proper grade and amount of oil (see 
Chapter 1). 

45 Start and run the engine at a fast idle 
and check for coolant and oil leaks. 

46 Check the engine idle speed and ignition 
timing (see Chapter 5). 


7  Lifters and camshaft - removal 
and installation 


Refer to illustrations 7.6, 7.14 and 7.17 


Removal 


Lifters 
1 Remove the upper and lower intake 
manifold (see Section 10). 


screws to retain the camshaft 
thrust plate (arrows) 


2 Remove the valve covers (see Sec- 
tion 4). 

3 Loosen the rocker arm nuts and rotate 
the rocker arms to the side (see Section 5). 

4 Remove the pushrods. 

5 Remove the valve lifters from the engine 
with a magnet if there is no varnish build up or 
wear on them. Keep the lifters in order so they 
can be returned to their original bores. 

6 Ifthe lifters are stuck in their bores, you 
will have to obtain a special tool designed for 
grasping lifters internally and work them out 
(see illustration). 

7 inspect the lifters as described in Chap- 
ter 2, Part E. If no further disassembly is 
required, proceed to Step 22. 


Camshaft 

8 Rotate the engine to TDC compression 
for the number one cylinder (see Section 3) 
and remove the distributor (see Chapter 5). 

9 Remove the valve lifters as described іп 
this Section. 

10 Remove the radiator and condenser (if 
equipped) (see Chapter 3). 

11 Remove the timing cover (see Sec- 
tion 6). 

12 Prior to removing the camshaft, check 
the camshaft endplay, lobe lift and timing 
chain for wear (see Chapter 2, Part A and 
Chapter 2, Part E). If measurements indicate 
worn components, replace as required during 
reassembly. 

13 Remove the timing chain and sprockets 
(see Section 6). 

14 Remove the bolts securing the camshaft 
thrust plate to the engine block (see illustra- 
tion). 

15 Carefully withdraw the camshaft from 
the engine block, being careful that the lobes 
do not catch on the camshaft bearings (they 
can scrape and damage them easily). Note: 
Do not rotate the engine until re-installation is 
complete. 

16 Perform camshaft and bearing inspec- 
tions (see Chapter 2, Part E). If measure- 
ments indicate worn components, replace as 
required during reassembly. 


7.17 Be sure to apply camshaft 
installation lube or engine assembly 
lube to the lobes and journals 
prior to installation 


Installation 


Camshaft 

17 Lubricate the camshaft journals and 
lobes with camshaft installation lube (see 
illustration). 

18 Slide the camshaft into position, being 
careful not to scrape or nick the bearings. 

19 Install the camshaft thrust plate. Tighten 
the thrust plate bolts to the torque listed in this 
Chapter’s Specifications. Note: /f camshaft 
endplay was excessive during wear checks, 
install an appropriately-sized thrust plate prior 
to sprocket installation. 

20 Check the camshaft endplay (see Chap- 
ter 2, Part E). 

21 Ifthe endplay is excessive, check the 
spacer for correct installation before it is 
removed. If the spacer is installed correctly, 
replace the thrust plate. Notice that the thrust 
plate has a groove on it; it should face in on 
all engines. 


Lifters 

22 Lubricate the bottom of the lifters with 
engine assembly lube and install them into 
their original bores (if the same lifters are 
being installed). 

23 The remainder of installation is the 
reverse of removal. 

24 Start the engine and check for oil and 
fuel leaks. 

25 Adjust the ignition timing as described іп 
Chapter 5. 


8 Camshaft lobe lift measurement 


Follow the procedure described in Chap- 
ter 2, Part A, but note that it will be necessary 
to remove both valve covers as described in 
Section 4 of this Chapter and use the specifi- 
cations listed at the front of this Chapter. 


9 Valve springs, retainers and 
seals - replacement 


Follow the procedure described in Chap- 
ter 2, Part A. Note: On the 7.5L engine, intake 
and exhaust valve seals are different and are 


not interchangeable. Intake seals are identi- 
fied by the marking IN and exhaust seals by 
the marking EX. 


10 Intake manifold (upper and lower) 


- removal and installation 
EE NN eee 


1 Relieve the fuel pressure and remove 
the air cleaner and duct assembly (see Chap- 
ter 4). 

2  Disconnect the negative cable from the 
battery. 

3 Drain the cooling system (see Chap- 
ter 1). 


Removal 


Upper intake manifold 

4 Remove the accelerator cable (see 
Chapter 4) and cruise control cable (if 
equipped) from the throttle body. 

5 Disconnect the electrical connectors for 
the throttle position sensor (TPS), the idle air 
control (IAC) valve and the EGR valve posi- 
tion sensor (see Chapter 6). 

6 Clearly label and then disconnect 
the vacuum lines from the upper intake 
manifold, the EGR valve and the fuel pres- 
sure regulator. 

7 | Remove the coolant lines from the throt- 
tle body. Note: On 7.5L engines, it will be nec- 
essary to remove the oil fill pipe and engine 
cover. 

8 Disconnect the EGR tube from the upper 
intake manifold and the exhaust manifold (see 
Chapter 6). 

9 Remove the bolts or nuts from the EGR 
transducer bracket and separate the EGR 
transducer from the manifold. 

10 Remove the upper intake manifold 
brace. 

11 Remove the PCV tube from the upper 
intake manifold and the valve cover (see 
Chapter 6). 

12 Remove the upper intake manifold 
mounting bolts 

13 Remove the upper intake manifold and 
throttle body as a complete unit from the lower 
intake manifold. 


Lower intake manifold 

14 Remove the upper intake manifold (see 
Steps 4 through 13). 

15 Remove the distributor (see Chapter 5). 
16 Label and disconnect all electrical har- 
ness connectors from lower intake manifold 
sensors and attached solenoids. 

17 Label and disconnect any vacuum hoses 
from the lower intake manifold. 

18 Disconnect the fuel supply and return 
lines from the fuel rail and disconnect the fuel 
injector electrical connectors (see Chapter 4). 
19 Remove the secondary air injection sys- 
tem from the manifolds (see Chapter 6). 

20 Remove the upper radiator hose from 
the thermostat housing. 

21 Remove the heater bypass and outlet 
hoses from the intake manifold. 
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22 Remove the coil/solenoid bracket assem- 
bly and position it out of the way (see Chap- 
ter 5). 

23 Remove the bolts retaining the intake 
manifold to the cylinder heads. 

24 Remove the intake manifold. Note: /f 
may be necessary to pry the intake manifold 
away from the cylinder heads but be careful to 
avoid damaging the mating surfaces. 

25 Clean the mating surfaces of the intake 
manifold and cylinder heads. Take care not to 
get any material down into the intake ports. 
26 Remove the end gaskets from the top of 
the engine block. 

27 Remove the oil gallery splash pan from 
the engine (if so equipped). 


Installation 


Lower intake manifold 

Refer to illustrations 10.31, 10.36a 

and 10.36b 

Caution: Тһе mating surfaces of the cylinder 
heads, block and manifold must be perfectly 
clean when the manifold is installed. Gasket 
removal solvents ín aerosol cans are avail- 
able at most auto parts stores and may be 
helpful when removing old gasket material 
that's stuck to the heads and manifold (since 
the manifold is made of aluminum, aggressive 
scraping can cause damage!) Be sure fo fol- 
low directions printed on the container. 

Note: The manufacturer recommends the use 
of guide pins when installing the manifold. To 
make these, buy four extra manifold bolts. Cut 
the heads off the bolts, then grind a taper and 
cut a screwdriver slot in the cut ends. 

28 If the manifold was disassembled, reas- 
semble it. Use electrically conductive sealant 
on the temperature sending unit threads. Use 
a new EGR valve gasket. 

29 Use a gasket scraper to remove all 
traces of sealant and old gasket material, 
then clean the mating surfaces with lacquer 
thinner or acetone. If there's oid sealant or oil 
on the mating surfaces when the manifold is 
installed, oil or vacuum leaks may develop. 
When working on the heads and block, cover 
the lifter valley with shop rags to keep debris 
out of the engine. Use a vacuum cleaner to 
remove any gasket material that falls into the 
intake ports in the heads. 

30 Use a tap of the correct size to chase 
the threads in the bolt holes, then use com- 
pressed air (if available) to remove the 
debris from the holes. Warning: Wear safety 
glasses or a face shield to protect your eyes 
when using compressed ain Remove exces- 
sive carbon deposits and corrosion from the 
exhaust and coolant passages in the heads 
and manifold. 

31 Apply a 1/8-inch wide bead of RTV seal- 
ant to the four corners where the manifold, 
block and heads converge (see illustration). 
Note: This sealant sets up in 10 minutes. Do 
not take longer to install and tighten the mani- 
fold once the sealant is applied, or leaks may 
оссиг. 

32 Apply a small amount of contact adhe- 
sive, or equivalent, to the manifold gasket 
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‚ ДА ма? 
10.31 Apply RTV-type sealant to the 
corners where the heads meet the block 
when installing the intake 


manifold gaskets 


mating surface on each cylinder head. Posi- 
tion the gaskets on the cylinder heads. The 
upper side of each gasket will have a TOP or 
THIS SIDE UP label stamped into it to ensure 
correct installation. 

33 Position the end seals on the block, then 
apply a 1/8-inch wide bead of RTV sealant to 
the four points where the end seals meet the 
heads. 

34 Make sure all intake port openings, cool- 
ant passage holes and boit holes are aligned 
correctly. Use locating pins if necessary. 


35 Carefully set the manifold in place while . 


the sealant is still wet. Caution: Don't dis- 
turb the gaskets and don't move the manifold 
fore-and-aft after it contacts the seals on the 
block. Make sure the end seals haven't been 
disturbed. After the manifold is in place, run a 
finger around the seal area to make sure that 
the seals are in place. If the seals are not in 
place, remove the manifold and reposition the 
seals. 

36 Install the intake manifold retaining bolts. 
If locating pins were used, start the other 


manifold bolts in place before removing the 
locators. Tighten the bolts in the sequence 
shown (see illustrations) in three steps, to 
the torque listed in this Chapter's Specifica- 
tions. 

37 install the remaining components in the 
reverse order of removal. 

38 Refill the cooling system (see Chap- 
ter 1). 

39 Start and run the engine and allow it 
to reach operating temperature. After it has 
reached operating temperature, check care- 
fully for leaks. 

40 Check the ignition timing and adjust it, if 
necessary (see Chapter 5). 


Upper intake manifold 

41 Installation is the reverse of removal. Be 
sure to clean and inspect the mounting faces 
of the lower intake manifold and the upper 
intake manifold before positioning the gaskets 
onto the lower intake manifold mounting face. 
The use of alignment studs may be helpful. 
Install the upper intake manifold and throttle 
body as a single unit. Be sure to tighten the 
bolts to the torque specification listed at the 
beginning of this Chapter. 


11 Exhaust manifold - removal and 
installation 


1 If you're removing the right-side mani- 
fold, remove the air cleaner and intake duct. 

2  Onthe right-side manifold, remove the 
upper intake manifold-to-exhaust manifold 
support bracket (5.0L and 5.8L engines only). 
3 Оп the right-side manifold, remove the 
engine and/or transmission dipstick tube 
bracket(s) as applicable. 

4 Also on the right-side manifold, remove 
the EGR tube (5.8L engine only). 

5 Оп the left side manifold, remove the 
EGR tube (7.5L engine only). 

6 On the left side manifold, remove the 
engine oil dipstick tube bracket if equipped. 
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7 Оп either manifold, remove the thermal 
reactor manifold, if equipped. 

8 Disconnect the retaining bolts holding 
the exhaust pipe(s) to the exhaust manifold(s) 
(see Chapter 4). 

9 Remove the spark plug wires and heat 
shields. 

10 Remove the exhaust manifold retaining 
bolts, lifting eyes and nuts. Note: Keep track 
of parts location and bolt lengths so they may 
be reinstalled in their original positions. 

11 Remove the exhaust manifold. 

12 Clean the mating surfaces of the exhaust 
manifold and the cylinder head. 

13 Clean the mounting flange of the exhaust 
manifold and the exhaust pipe. 


Installation 

14 Apply graphite grease to the mating 
surface of the exhaust manifold and cylinder 
head. 

15 Position the exhaust manifold on the 
head and install the attaching bolts. Tighten 
the bolts to the torque listed in this Chapter's 
Specifications in three steps, working from the 
center to the ends. 

16 Install the spark plug heat shields and 
lifting eyes. 

17 The remainder of installation is the 
reverse of removal. 

18 Start the engine and check for exhaust 
leaks. 


12 Cylinder heads - removal and 
installation 


Caution: The engine must be completely cool 
before beginning this operation. 


Removal 

1  Disconnect the cable from the negative 
terminal of the battery. 

2 |f the left cylinder head is being 
removed, remove the air conditioning com- 
pressor/power steering bracket at the front 
of the engine, complete with accessories. If 
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10.36a Intake manifold bolt tightening sequence - 
5.0L and 5.8L engines 
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10.36b Intake manifold bolt tightening sequence - 7.5L engine 
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12.18 Be certain that the cylinder head gaskets are positioned 
With the correct side up - note the FRONT designation (arrow) 


necessary, remove the compressor from the 
bracket. Warning: The air conditioning sys- 
tem is under high pressure. Do not disconnect 
the hoses, as serious injury or damage to the 
system will result. 

3 Ifthe left cylinder head is being removed, 
remove the oil dipstick and tube assembly and 
speed control bracket, if equipped. 

4 |f the right cylinder head is being 
removed, disconnect the alternator wiring har- 
ness and air pump hoses. 

5 Remove the alternator/air pump bracket 
from the front of the engine, complete with 
accessories. 

6 Remove the intake manifold (see Sec- 
tion 10). 

7 | Remove the valve cover(s) (see Sec- 
tion 4). l 

8 Remove the rocker arms апа pushrods 
(see Section 5). 

9 Remove exhaust manifold(s) (see Sec- 
tion 11). 

10 If equipped, disconnect thermactor air 
supply tubes from rear of head. 

11 Loosen the cylinder head retaining 
bolts by reversing the order shown in the 
tightening sequence diagram (see illustra- 
tion 12.21), then remove the bolts from the 
heads. Keep them in order so they can be 
installed in their original locations. 

12 Carefully remove the cylinder head from 
the block, using care to avoid damaging the 
gasket mating surfaces. If resistance is felt, 
DO NOT pry between the head and block as 
damage to the mating surfaces will result. To 
dislodge the head, place a wood block against 
the end of it and strike the wood block with 
a hammer. Store the heads on wood blocks 
to prevent damage to the gasket sealing sur- 
faces. Note: On 7.5L engines, you may want 
to use a hoist or an assistant, as the heads 
are heavy. 

13 Inspect the cylinder head and compo- 
nents. 

14 Ве sure to check the cylinder head and 
block deck for flatness (see Chapter 2, Part E). 


Installation 

Refer to illustrations 12.18 and 12.21 

15 The mating surfaces of the cylinder 
heads and block must be perfectly clean when 
the heads are installed. Use a gasket scraper 
to remove all traces of carbon and old gas- 
ket material, then clean the mating surfaces 
with lacquer thinner or acetone. If there's oil 
on the mating surfaces when the heads are 
installed, the gaskets may not seal correctly 
and leaks may develop. When working on the 
block, cover the lifter valley with shop rags to 
keep debris out of the engine. Use a vacuum 
cleaner to remove any debris that falls into the 
cylinders. 

16 Check the block and head mating sur- 
faces for nicks, deep scratches and other 
damage. If damage is slight, it can be removed 
with a file - if it's excessive, machining may be 
the only alternative. 

17 Use a tap of the correct size to chase the 
threads in the head bolt holes. Mount each 
bolt in a vise and run a die down the threads 
to remove corrosion and restore the threads. 
Dirt, corrosion, sealant and damaged threads 
will affect torque readings. 

18 Position the new gasket(s) over the 
locating dowels in the block. Make sure it's 
facing the correct direction and that all bolt 
and coolant passage holes are aligned. Note: 
Most gaskets will either be marked FRONT or 
TOP і be sure the gasket is positioned cor- 
rectly (see illustration). 

19 Carefully position the head(s) on the 
block without disturbing the gasket(s). 

20 Before installing the head bolts, lightly oil 
the threads on all of the bolts. 

21 Install the bolts in their original locations 
and tighten them finger tight. Follow the rec- 
ommended sequence and tighten the bolts, in 
two or three steps, to the torque listed in this 
Chapter's Specifications (see illustration). 
Note: Once the bolts have been tightened to 
the correct final torque it is not necessary to 
re-tighten the bolts after extended operation. 
However, the bolts may be checked and re- 
tightened if desired. 
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12.21 Cylinder head bolt TIGHTENING sequence 


22 The remaining installation steps are the 
reverse of removal. 

23 Change the engine oil and filter (see 
Chapter 1), then start the engine and check 
carefully for oil and coolant leaks. 

24 Check and adjust the ignition timing (see 
Chapter 5). Note: When the battery has been 
disconnected, some unusual driveability symp- 
toms may be present until the vehicle is driven 
a few miles and the computer “relearns.” 


13 Oil pan - removal and installation 
Refer to illustrations 13.17, 13.23 and 13.24 


Removal 


7.5L models only 

1 Remove the oil dipstick tube and 
bracket. 

2  Disconnect the throttle body linkages, 
wiring and vacuum hoses to allow the engine 
to be raised (see Chapter 4). 

3 | Remove the fuel supply and return lines 
from the fuel rails (see Chapter 4). 

4 Remove the power steering pump and 
air conditioning compressor fróm their brack- 
ets and tie them aside (see Chapter 3). 

5 Remove the manual shift and kickdown 
linkage from the automatic transmission (see 
Chapter 7). 

6 Remove the driveshaft (see Chapter 8). 


All models 

7 Disconnect the negative battery cable 
from the battery. 

8 If you're working оп a 5.0L or 5.8L 
engine, remove the upper intake manifold 
(plenum) (see Chapter 4). 

9 Drain the engine oil (see Chapter 1). 
Drain the cooling system (see Chapter 3). 

10 Remove the radiator (as described in 
Chapter 3). Note: This operation is required 
so that the radiator is not damaged by the 
engine when it is raised from its mounts. 

11 Raise the vehicle and support it securely 
on jack stands. 
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13.17 Place wood blocks between the 
engine mount and frame brackets 


12 Remove the engine front insulator-to- 
support bracket retaining nuts and washers 
(see Section 17). 

13 Disconnect the exhaust pipes from 
exhaust manifolds to allow the engine to be 
raised (see Chapter 4). 

14 Place a wooden block between the 
jack and the oil pan and raise the front of the 
engine with a jack. Caution: Verify that all 
cables, wiring and hoses between engine and 
vehicle have enough slack to avoid damage. 
15 Оп all engines except the 7.5L, raise 
the engine only far enough to facilitate pan 
removal. 

16 Оп the 7.5L engine, raise the engine 
until the transmission bellhousing contacts 
the floorpan (minimum of four inches). 

17 Place wood blocks between the front 
engine mounts and the support brackets to 
maintain the engine in the raised position (see 
illustration). 

18 Lower the engine onto the spacer blocks 
and remove the jack. 

19 Remove the oil pan attaching bolts. 

20 Lower the pan to the crossmember. 

21 Оп 5.0 and 5.8L engines, remove the 
oil pump inlet-tube-to-oil pump retaining bolts 
and washers and inlet tube support-brace fas- 
tener (see Section 16). Let inlet tube drop into 
the pan. 


13.23 Slip the oil pan out, turning it slightly to clear the driveplate 


22 Оп the 7.51 engine, remove the entire 
pump from the block (see Section 14). Let the 
pump and pickup drop into the pan. 

23 Remove the oil pan from the vehicle. It 
may be necessary to rotate the crankshaft so 
the counterweights clear the pan (see illus- 
tration). 

24 Clean all gasket material from the mat- 
ing surfaces of the engine block and the pan 
(see illustration). 


Installation 

25 Apply a thin, even coat of RTV sealant to 
both sides of the gasket(s). A small amount of 
RTV sealant at each mating junction will help 
prevent any leaks from these critical spots. 
Install the gaskets and seals on the pan. 

26 On 5.0L and 5.8L engines, clean the oil 
pump pick-up tube and screen assembly and 
place it in the oil pan. 

27 Оп the 7.5L engine, clean the inlet tube 
screen and prime the oil pump (see Sec- 
tion 14). Place the primed pump and pick-up 
tube in the oil pan. 

28 Position the oil pan underneath the 
engine. 

29 Оп 5.0 апа 5.8L engines, lift the inlet 
tube and screen assembly from the oil pan 
and secure it to the oil pump with a new gas- 
ket. Tighten the retaining bolts to the torque 
listed in this Chapter's Specifications. 

30 Оп the 7.5L engine, install the pump and 
pickup tube to the block (see Section 14). 

31 Attach the oil pan to the engine block and 
install the retaining bolts. Tighten the bolts to 
the torque listed in this Chapter's Specifica- 
tions, starting from the center and working out 
in each direction. 

32 Raise the engine with a jack and a block 
of wood underneath the oil pan and remove 
the wood spacers previously installed under 
the support brackets. 

33 Lower the engine to the correct installed 
position and connect the engine mounts (see 
Section 17). 

34 The remainder of installation is the 
reverse of removal. 

35 Fill the cooling system with coolant and 
check for leaks. 


36 Fill the engine with oil (see Chapter 1) 
and connect the negative battery cable. 

37 Start the engine and check carefully for 
leaks at the oil pan gasket sealing surfaces. 
Note: When the battery has been discon- 
nected, some unusual driveability symptoms 
may be present until the vehicle is driven a 
few miles and the computer “relearns.” 


14 Oil pump - removal and 
installation 


1 Remove the oil pan as described in Sec- 
tion 13. 

2 Remove the bolts retaining the oil pump 
and support brace to the block. 

3 X Remove the oil pump and pick-up tube 
assembly. 

4 Clean the mating surfaces of the oil 
pump and the block. 

5 Inspect the oil pump as described in 
Chapter 2, Part E. 

6 Before installation, prime the pump by 
filling the inlet opening with oil and rotating the 
pump shaft until the oil spurts out of the out- 
let. 

7 Attach the oil pump to the engine block 
using the two retaining boits. 

8  Tighten the bolts to the torque listed in 
this Chapter's Specifications. 

9 Install the oil pan (see Section 13). 


15 Crankshaft oil seals - 
replacement 


Refer to illustrations 15.7, 15.9, 15.23 
and 15.26 


Front oil seal 

1 Drain the cooling system (see Chap- 
ter 1). 

2 Remove the fan shroud and the radiator 
(see Chapter 3). 

3 Remove the fan and pulley (see Chap- 
ter 3). 

4 On 7.5L engines, remove the remaining 
drivebelt. 

5 Remove the large bolt and washer from 


13.24 Scrape away all traces of gasket material and sealant, then 
clean the gasket surfaces with lacquer thinner or acetone 


Е 


15.7 Achisel and hammer must be used to work the seal out of 
the timing chain cover - be very careful not to damage the 


cover or nick the crankshaft! 


the crankshaft nose. It may be necessary to 
prevent the crankshaft from rotating by put- 
ting the transmission in gear (if the engine is 
still in the vehicle) or by holding the driveplate 
or crankshaft flange with a suitable tool (if the 
engine is out of the vehicle). 

6 Remove the vibration damper using а 
suitable puller (see illustration 6.7 in Chap- 
ter 2, Part A). 

7 Remove the seal from the timing cover 
with seal remover tool, or equivalent, or by 
carefully tapping it out with a chisel and ham- 
mer (see illustration). Tap the chisel in as a 
wedge at several points around the seal. 

8 Clean out the recess in the cover. 

9. Coat the outer edge of the new seal with 
motor oil and install it using the special tool. 
As an alternative, a large socket or piece of 
pipe can be used to drive the new seal in (see 
illustration). However, use extreme caution 
as the seal can be damaged easily with this 


E 


ES ® 


15.23 Insert the upper half of the two-piece seal with 3/8-inch sticking out and stagger the bottom half correspondingly in the cap (make 
sure the seal lips face the front of the engine) 


method. Drive in the seal until it is fully seated 
in the recess. Make sure that the spring is 
properly positioned within the seal. 

10 Lubricate the nose of the crankshaft, the 
inner hub of the vibration damper and the seal 
surface with engine oil. 

11 Apply ЕТУ sealant to the inside keyway 
of the damper hub. 

12 Align the damper keyway with the key 
on the crankshaft and install the damper 
using an installation tool (see illustra- 
tion 6.31 in Chapter 2, Part A). 

13 install the bolt and washer retaining the 
damper and tighten it to the torque listed in 
this Chapter’s Specifications. 

14 The remainder of installation is the 
reverse of removal. 

15 Fill the engine with oil (if the ой has been 
drained) and coolant (see Chapter 1). 

16 Start and operate the engine at a fast 
idle and check for leaks of any type. 
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15.9 Drive the seal squarely into the bore with a large socket 
and hammer - don’t damage the seal and make 
sure it’s completely seated 


Rear main oil seal 


One-piece rear main oil seal 

(5.0L and 5.8L engines) 

17 See Chapter 2, Part A for the procedure, 
but use a seal installation tool, or equivalent, 
and use the driveplate bolt torque specifica- 
tion listed in this Chapter. 


Two-piece rear main oil seal 
(7.5L engine) 


Removal 

18 Drain the engine oil and follow the proce- 
dure in Section 13 to remove the oil pan. 

19 Loosen all the main bearing cap bolts, 
but only enough to lower the crank a very 
small amount (less than 1/32-inch). 

20 Remove the rear main bearing cap. 

21 Тһе upper portion of the rear seal will 
remain in the block, but with 3/8-inch sticking 
out on one end. Being careful not to nick the 
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inch sticking out on one side. 
From front of slinger 24 Tighten the other four main bearing caps 


NDA groove to rear of block to the torque listed in Chapter 2, Part E Speci- 
fications. 
25 Install the other half in the rear main 
S 


bearing cap, with 3/8-inch sticking up from the 
side of the сар opposite where the upper half 


NJ sticks out. 
26 Apply RTV sealant to the cap and where 
the corners of the block where the cap seats 
(see illustration), install the rear main bear- 
ing cap and tighten the bolts to the torque 
listed in Chapter 2, Part E Specifications. 
27 The remainder of the installation is the 


15.26 Apply a small amount ws nee es reverse of the disassembly procedure. 


of RTV sealant to the areas 
indicated before installing the 
rear main bearing cap 


16 Driveplate - removal, inspection 


SA and installation 
c Refer to the procedure described in 
€ Chapter 2, Part A, but use the torque values 
N listed in this Chapter’s Specifications. 
А” 
17 Engine mounts - removal and 
installation 


Leave 1/8 inch gap 1 Engine mounts seldom require attention, 
but broken or deteriorated mounts should 
be replaced immediately or the added strain 
placed on the driveline components may 


crankshaft, Use a seal removing tool, or insert 22 Clean the cap and block areas thor- cause damage. 
a small sheetmetal screw into the exposed oughly with lacquer thinner. 2 For the check and replacement proce- 
seal and pull on the screwhead with locking 23 Dip the new seal halves in clean engine dure, refer to Chapter 2, Part A. 


pliers. y oil and install one into the block, leaving 3/8- 
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4.6L, 5.4L, 6.8L V8 and V10 OHC engines 
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Specifications 
General 
Displacement 
ЖӘЕ ЕН РСЕ ТЕУ 4.6 liters (281 cubic inches) 
БАЙ, cocci D ЕМДЕРИ... IN N EE 5.4 liters (329 cubic inches) 
(S. сенсе а СЕДАН ЕНТ 6.8 liters (415 cubic inches) 
Bore and stroke 
ЖЕ КОЛ И ННІ ее 3.554 X 3.546 inches 
ЧЕЛЕК ТТТ ТТТ 3.554 X 4.168 inches 
Ciuc NNEC eres cose ТТТ TETT 3.554 Х 4.168 inches 
Cylinder numbers (front to rear) 
V8 engines 
site Ln 2а T: e О ОО ОО 1-2-3-4 
Kei E S a acis spen кых иян» яе» ttai 5-6-7-8 
V10 engines (4) 
ЛА RG ЖН УО С О О oes ere 1-2-3-4-5 
ШЕЙ (Gli? БЕ Өтес eost e ИЕДИ. -. адаша tome анын ааа 6-7-8-9-10 (з) (7) 
Firing order 
Và РОШЕН с oe eee 1-3-7-2-6-5-4-8 (2) ©) 
WIG) ЕКА КОК К Г 1-6-5-10-2-7-3-8-4-9 Q ©) 
Camshaft 
Lobe lift 6.8L V10 ENGINE 
4.6L ше (= 1-6-5-10-2-7-3-8-4-9 
Models through 2001 - Intake and Ехһаиѕї............................. e. 0.259 inch 4.6L and 5.4L V8 ENGINE 
2002 through 2005 1-3-7-2-6-5-4-8 
ООо андада ва аннан, 0.280 іпсһ | | 
(UU ———— ——9—Q 0.295 inch Cylinder location and coil pack arrangement 
2006 апа later - Intake and Exhaust................... nnne 0.256 inch - Note that later models are equipped 
5.4L with coil-over-plug assemblies mounted 
Models through 2001 - Intake and Ехһацѕ.................................. 0.259 inch on each cylinder 
2002 through 2005 
Intake Mea. ТТ еее збен 0.280 inch 
ЕНСЕ ТИ 0.295 inch 
2006 through 2009 - Intake and Ехһаизѕі...................................... 0.256 inch 
2010 and later 
ИБС И T SII ao x on ce i eH eu sa suce ere 0.280 inch 


0.295 inch 
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Camshaft (continued) 
Lobe lift (continued) 


6.8L 
Models through 2001 | 
аке ИТИ 0.260 іпсһ 
[EES ЕРИ тт а” 0.259 іпсһ 
2002 and later 
аке ырыаны зи ы са ОООО TEOTAN 0.279 inch 
Exhaust... erecti ERREUR ATI 0.295 inch 
Endplay | 
"SIL AE хс ата Ы. 0.001 to 0.006 inch 
yh (eee oe eed eves Sree НК а 0.001 to 0.007 inch 
ОПИСЕ. е и a E E 0.001 to 0.007 inch 
Journal diameter (all) | 
МОЧЕ оша! 2000 ЖКО 2222.-222... 4.060 to 1.061 inches 
ОШОЛ) Gavel ае оос 1.061 to 1.062 inches 
Beaninginside cameter (alll) Ж... зшен ишни ынана. 1.062 іо 1.063 іпсһев 
Journal-to-bearing (oil) clearance 
алдагы E ик E E E 0.001 to 0.003 inch 
ӘБІМЕЕШТІ ЕСЕ ОС T T ы ОООО ОКТ +. 0.005 inch maximum 
Torque specifications Ft-Ibs (unless otherwise indicated) 


Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 foot-pounds are 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 
Balance shaft journal cap bolts (6.8L engine опіу).................................. 71 to 106 in-lbs 
Camshaft sprocket bolts 
4.6L and 5.4L engines 


M10 bolt 
={ерШ ск шш PI 30 
GIO IEEE ENT Лы анна айы E нннсе Tighten an additional 90-degrees 
M12 bolts 
Models гопа A О. 41 to 55 
2005 and later 
Ооо E T A 40 
Бере ест а E EROA Tighten an additional 90-degrees 
Зе Е E езе ыык Гал. 41 to 55 
Gamspafticapsitorcylimdern head... 55... ee esee она ононе anao cre ете б а 71 to 106 in-Ibs 
Drivebelt idler and tensioner Бой5...............................22... 15 to 22 
Cylinder head bolts 
SLO ОТА оны Ы Ку з. Же a О ОУ 28 to 31 
ер Жл О eet а. КОО TEE Tighten an additional 90-degrees 
лері ena OO HOO TR 22522222 Tighten an additional 90-degrees 
Crankshaft pulley-to-crankshaft bolt 
SII A Оне ОООО... A елан 66 
© Өр Жш у.е. СЕТТІ Loosen опе full turn (360-degrees) 
SUG DiS rc аео 34 to 39 
Step 4......... аА Tighten an additional 90-degrees 
MalvelcovVen ОПС В а 71 to 106 in-Ibs 
Oil pan-to-engine block bolts 
сер ООШ cs E На 18 in-Ibs 
SED А TE cc NEST 180 in-Ibs d 
Step 3 
90 1 uo ОО Оо 222222... Tighten an additional 60 degrees 
2@00Ш ШӨЛДЕ ОООО АН... Tighten an additional 90 degrees 
AO OG апа ае s eer eset сес елена ыл Т Т Tighten an additional 60 degrees 
Exhaust manifold-to-cylinder head nuts .................................................. 17 to 20 
Exhaust manifold-to-cylinder head 5$(ид5.....................................: ae 89 їо 115 in-Ibs 
Dnveplatemountingiboltes ао аеннан Е 54 іо 64 
Intake manifold-to-cylinder head bolts 
ано оО тыыб атын 18 in-Ibs 
Ере ЛОН ЛЕК... E QE. 151022 
Intake manifold lower section-to-intake manifold bolts 
Nic tort IEEE INTE газ... Е 18 in-Ibs 
сім МН eI eee EN 89 in-lbs 
Oil'filter.adapter Боне ысына Уннан... ИНЕ 15 to 22 
Oil cooler-to-filter adapter nut... о е ы. 30 to 40 
Oil pump-to-engine block mounting bolts ..................2......0. ыы. 89 in-Ibs 
Ой pick-up tube-to-main bearing cap nut... 15 to 22 


Oil pick-up tube-to-oil pump Бойб...........2222.22.........2..... 89 in-lbs 
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Torque specifications 


Timing chain cover-to-engine block bolts 


4.6L Romeo епдїпеб$....................................... 


All other engines 


ВОК ТОНОО eoe 
С o through 15................................. 


Timing chain cover-to ой pan bolts 


Терен eei hacer наннын РТН... ш 


Engine mount-to-engine block bolts .................... 
Engine mount through-bolts ................................ 


1 General information 


This Part of Chapter 2 is devoted to in- 
vehicle repair procedures for the 4.6L, 5.4L, 
6.8L Single Overhead Cam (SOHC) V8 and 
V10 engines. All engines are of the same 
"modular" design, the 5.4L engine has a lon- 
ger stroke for more displacement. The 6.8L 
V10 engine is designed with 2 banks with 
five cylinders per bank. All engines have alu- 
minum heads, iron blocks, a single camshaft 
for each cylinder head, and two valves per 
cylinder. All information concerning engine 
removal and installation and engine block and 
cylinder head overhaul can be found in Part E 
of this Chapter. 

There are two versions of the V8, 
depending on where it was produced; the 
Romeo (Romeo, Michigan plant) and the 
Windsor (Windsor, Ontario, Canada), with 
minor differences in some of the components 
and procedures. It’s important when work- 
ing on the engine to know which engine you 
have. The REP (Romeo Engine Plant) 4.6L 
has 11 bolts on the left and right valve cover, 
while the WEP (Windsor Engine Plant) 4.6L 
and 5.4L has 13 bolts on the left valve cover 
and 14 bolts on the right valve cover. The 
engines can also be identified from the VIN 
number of the vehicle. The eighth place in the 
VIN is the engine identification, with the letter 
W designating the 4.6L Romeo, the number 6 
designating the 4.6L Windsor engines and the 
letter L designating the 5.4L Windsor engine. 
1997 through 1999 models are equipped with 
a 4.6L Windsor, 5.4L Windsor engine or 6.8L 
V10 engine. 2000 models are equipped with 
Romeo 4.6L engines, 4.6L Windsor engines, 
5.4L Windsor engines or 6.8L V10 engines. 
2001 models do not offer the 4.6L Windsor 
engine. 

The 6.8L V10 engine is designed simi- 
larly to the 5.4L V8 engine. The 6.8L V10 
cylinders and pistons are designed with the 
exact same bore and stroke as the 5.4L V8 
with the addition of two cylinders at the rear 
of the engine’ block. The timing chains and 
components are also similar. The 6.8L engine 
is also designed with a balance shaft in the 
left cylinder head, timed from the camshaft, to 
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Ft-lbs (unless otherwise indicated) 
Note: One foot-pound (ft-Ib) of torque is equivalent to 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 foot-pounds are 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 
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15 to 22 
30 to 41 


Өл e rec 15 
Additional turn of 60 degrees 


89 in-Ibs 
15 to 20 
39 to 53 
50 to 68 


smooth out engine pulsation. 

The following repair procedures are 
based on the assumption that the engine is 
installed in the vehicle. If the engine has been 
removed from the vehicle and mounted on a 
stand, many of the steps outlined in this Part 
of Chapter 2 will not apply. 

The Specifications included in this Part 
of Chapter 2 apply only to the procedures 
contained in this Part. Part E of Chapter 2 
contains the Specifications necessary for cyl- 
inder head and engine block rebuilding. 


2 Repair operations possible with 
the engine in the vehicle 


Many major repair operations can be 
accomplished without removing the engine 
from the vehicle. 

If possible, clean the engine compart- 
ment and the exterior of the engine with some 
type of pressure washer before any work is 
started. It will make the job easier and help 
keep dirt out of the internal areas of the 
engine. 

Components within the engine compart- 
ment can be accessed from the front of the 
vehicle by lifting the hood or from inside the 
passenger compartment by removing the 
engine cover (refer to Chapter 11 if neces- 
sary). Depending upon the extent of the repair, 
it may be necessary to use both methods. 

If vacuum, exhaust, oil or coolant leaks 
develop, indicating a need for gasket or seal 
replacement, the repairs can generally be 
made with the engine in the vehicle. The 
intake and exhaust manifold gaskets, timing 
cover gasket, ой pan gasket, crankshaft oil 
seals and cylinder head gaskets are all acces- 
sible with the engine in place. 

Exterior engine components, such as 
the intake and exhaust manifolds, the oil pan, 
the water pump, the starter motor, the alterna- 
tor and the fuel system components can be 
removed for repair with the engine in place. 

Since the cylinder heads can be removed 
without pulling the engine, valve component 
servicing can also be accomplished with the 
engine in the vehicle. Replacement of the tim- 


ing chain and sprockets and oil pump is also 
possible with the engine in the vehicle. 

In extreme cases caused by a lack of 
necessary equipment, repair or replacement 
of piston rings, pistons, connecting rods and 
rod bearings is also possible with the engine 
in the vehicle. However, this practice is not 
recommended because of the cleaning and 
preparation work that must be done to the 
components involved. 


3 Top Dead Center (TDC) for 
number one piston - locating 


Refer to illustration 3.1 

Refer to Chapter 2, Part A for the TDC 
locating procedure, but use the illustration 
provided with this Section for the appropri- 
ate reference marks and the following excep- 
tions: 


a) Disable the ignition system by discon- 
necting the primary electrical connectors 
at the ignition coil pack/modules (see 
Chapter 5). 

b) Remove the spark plugs and install a 
compression gauge in the number one 
cylinder. Turn the crankshaft clock- 


, 
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3.1 When placing the engine at Top 
Dead Center (TDC), align the notch in the 
crankshaft pulley (arrow) with the TDC 
indicator on the timing chain cover 
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4.6 Remove the bolts around the perimeter 
of the valve cover (arrows) 


4.16 Detach the wiring harness from the 
valve cover studs (arrow) 


wise with a socket and breaker bar as 
described in Chapter 2A. 

c) When the piston approaches TDC, com- 
pression will be noted on the compres- 
sion gauge. Continue turning the crank- 
shaft until the notch in the crankshaft 
pulley is aligned with the TDC mark on 
the front cover (see illustration). Af this 
point number one cylinder is at TDC on 
the compression stroke. 


4 Valve covers - removal and 
installation 


Removal 

Note: The valve cover bolts are connected to 
the valve covers. Do not attempt to remove 
them from the covers, just loosen them until 
they are free of the cylinder head. 


4.6L engine 


Left valve cover 

Refer to illustration 4.6 

1 Disconnect the cable from the negative 
battery terminal. Remove the engine cover. 

2 Remove the air cleaner and intake duct 
(see Chapter 4). 

3 Disconnect the PCV hose and pull the 
wiring harness from the studs on the vaive 
cover. 

4 On Romeo built engines, remove the 
DPFE EGR sensor (see Chapter 6). Also, 
remove the EGR tube from the exhaust mani- 
fold and the intake manifold (see Chapter 6). 
Note: Some models will have two additional 
metal tubes linking the EGR tube with the 
DPFE sensor. Use caution when disconnect- 
ing the metal fittings from the DPFE sensor to 
avoid twisting or bending the metal tubes. 

5 Оп Windsor built engines, remove the 
EGR tube from the EGR valve and exhaust 
manifold (see Chapter 6). Note: Some mod- 
els will have two additional metal tubes link- 
ing the EGR tube with the EGR valve. Use 
caution when disconnecting the metal fittings 
from the EGR valve to avoid twisting or bend- 
ing the metal tubes. 

6 Loosen the valve cover bolts and remove 


the cover (see illustration). If it’s stuck, tap it 
with.a hammer and block of wood. On 2005 
models, remove the nut securing the engine 
oil dipstick tube bracket to the valve cover. 


Right valve cover 

7 Disconnect the cable from the negative 
battery terminal. 

8 Remove the air cleaner and intake duct 
(see Chapter 4). 

9 Remove the PCV valve and hose from 
the valve cover. Caution: On models with a 
heated PCV valve, just disconnect the hose 
from the PCV valve; if you remove the valve 
from the valve cover, you'll have to install a 
new valve (the plastic retaining tabs on the 
PCV valve shear off when it is removed). 

10 Remove the oil filler tube from the valve 
cover. 

11 Remove the nuts retaining the wiring 
harness to the valve cover studs and sepa- 
tate the harness from the top of the engine. 
12 Loosen the valve cover bolts and remove 
the valve cover. If it's stuck tap it with а ham- 
mer and block of wood. 


5.4L and 6.8L engines 


Left valve cover 

Refer to illustration 4.16 

13 Disconnect the cable from the negative 
battery terminal. 

14 Оп 6.81. engines, remove the intake 
manifold (see Section 11). 

15 Remove the air cleaner and intake duct 
(see Chapter 4). 

16 Disconnect the PCV hose and pull the 
wiring harness from the studs on the valve 
cover (see illustration). 

17 Remove the EGR tube from the exhaust 
manifold and the intake manifold (see Chap- 
ter 6). Note: Some models will have two addi- 
tional metal tubes linking the EGR tube with 
the EGR valve. Use caution when disconnect- 
ing the metal fittings from the EGR valve to 
avoid twisting or bending the metal tubes. 

18 Pull the harness away from the valve 
cover to allow enough room to get the cover 
out. On 2005 and later models, remove the 
bolt securing the oil dipstick tube to the engine 
and move the tube out of the way. 


19 Loosen the valve cover bolts and remove 
the valve cover. If it's stuck, tap it with a ham- 
mer and block of wood. 


Right valve cover 

20 Follow Steps 7 through 11 for the right 
valve cover on the 4.6L engine. 

21 On 6.8L engines, remove the intake 
manifold (see Section 11). 

22 Disconnect the electrical connectors on 
the fuel injectors (see Chapter 4) and the igni- 
tion coils (see Chapter 5). 

23 Remove the A/C compressor connector 
(see Chapter 3) and the crankshaft position 
sensor connector (see Chapter 6). On 2001 
and later 5.4L engines, disconnect the radio 
interference capacitor (near the oil dipstick 
tube). 

24 Pull the harness away from the valve 
cover to allow enough room to get the cover 
out (see illustration 4.16). 

25 Loosen the valve cover bolts and remove 
the valve cover. If it's stuck, tap it with a ham- 
mer and block of wood. 


Installation - all models 
Refer to illustration 4.28 
26 The mating surfaces of each cylinder 


=" "ea 75 Ie 
4.28 Apply a dab of RTV sealant to the 
mating joints (arrows) between the timing 


cover and the cylinder head before 
installing the valve cover 


Chapter 2 PartD 4.6L, 5.4L, 6.8L V8 and У10 ОНС engines 


2D-5 


5.3 Have an assistant hold the crankshaft 


and use a breaker bar and socket to 
remove the crankshaft pulley bolt (arrow) 


— E 


head and valve cover must be perfectly clean 
when the valve covers are installed. Remove 
all traces of sealant, and clean the mating 
surfaces with lacquer thinner or acetone. If 
there's old sealant or oil on the mating sur- 
faces when the valve cover is installed, oil 
іеакѕ may develop. 

27 The valve cover gaskets should be 
mated to the valve covers with gasket adhe- 
sive before the valve covers are installed. 
Make sure the gasket is pushed all the way 
into the groove in the valve cover. 

28 А һе mating joint (two spots per cylinder 
head) between the timing chain cover and cyl- 
inder head, apply a dab of RTV sealant before 
installing the valve cover (see illustration). 
29 Carefully position the valve cover on the 
cylinder head and install the nuts and bolts. 
Note: /nstall the covers within five minutes of 
applying the RTV sealant. 

30  Tighten the fasteners in two steps to 
the torque listed in this Chapter's Specifica- 
tions. Wait two minutes between the first and 
the second round of tightening. On all except 
Romeo 4.6L engines, tighten the bolts/nuts in 
a sequence starting in the center and working 
alternately toward each end of the valve cover. 
On Romeo 4.6L models, tighten the upper row 
of bolts first, then the lower row, from rear to 
front. Caution: Be careful with the plastic valve 
covers; don't over-tighten the bolts! 

. 31 The remaining installation steps are the 
reverse of removal. 

32 Start the engine and check for oil leaks 
as the engine warms up. 


5 Crankshaft pulley - removal and 
installation 


Removal 

Refer to illustrations 5.3 and 5.4 

1 Remove the air cleaner and air intake 
duct (see Chapter 4). 

2  Referto Chapter 3 and remove the cool- 
ing fan and shroud. Remove the accessory 
drivebelt (see Chapter 1). 


Cm 


5.4 Remove the crankshaft pulley with a 
puller that bolts to the crankshaft 
pulley hub 


3 Remove the driveplate inspection cover 
(see Chapter 7) and with the help of an assis- 
tant, wedge a large screwdriver into the starter 
ring gear teeth to prevent the crankshaft from 
turning. Remove the large center bolt from 
the crankshaft pulley with a breaker bar and 
socket (see illustration). 

4 Using a suitable puller, detach the crank- 
shaft pulley (see illustration). Leave the 
Woodruff key in place in the crankshaft key- 
way. Caution: Don't use a puller with jaws 
that grip the outer edge of the crankshaft pul- 
ley. The puller must be the type shown in the 
illustration that utilizes bolts to apply force to 
the crankshaft pulley hub only. 


Installation 

Refer to illustration 5.5 

5 Lubricate the oil seal contact surface of 
the crankshaft pulley hub (see illustration) 
with multi-purpose grease or clean engine oil. 
Apply a dab of RTV sealant to the front end 
of the keyway in the crankshaft pulley before 
installation. 

6 Install the crankshaft pulley on the end of 
the crankshaft. The keyway in the crankshaft 
pulley must be aligned with the Woodruff key 
in the crankshaft. If the crankshaft pulley can- 
not be seated by hand, slip the large washer 
over the bolt, install the bolt and tighten it to 
pull the crankshaft pulley into place. Now 
loosen the bolt one full turn, then tighten 
the bolt to the torque listed in this Chapter's 
Specifications. 

7 Тһе remaining installation steps are the 
reverse of removal. 

8 Check the oil level. Run the engine and 
check for oil leaks. 


6 Timing chain cover - removal and 
installation 


Removal 

Refer to illustrations 6.9 and 6.11 

1 Disconnect the cable from the negative 
battery terminal. 


5.5 Inspect the crankshaft pulley for signs 
of damage or excessive wear 


1 Oil seal surface 
2 Woodruff keyway 


2 Drain the engine oil and remove the oil 
filter (see Chapter 1). 

3 Remove the drivebelt and the water 
pump pulley. Remove the crankshaft pulley 
(see Section 5). 

4 Refer to Section 4 and remove both 
valve covers. 

5 Drain the cooling system (see Chap- 
ter 1). Refer to Chapter 3 and remove the 
radiator and water pump. 

6 From below, remove the four front oil pan 
bolts (see Section 14) that secure the bottom 
section of the timing chain cover. 

7 Disconnect the electrical connectors to 
the camshaft sensor and the crankshaft sen- 
sor (see Chapter 6). 

8 Remove the bolts securing the power 
steering pump to the engine (see Chap- 
ter 10). Note: 7he front lower bolt on the 
power steering pump will not come all the way 
out. Position the pump aside and secure it out 
of the way. 

9  Unbolt and remove the drivebelt ten- 
sioner assembly from the right side of the tim- 
ing cover (see illustration). 


һ 


6.9 Remove the bolts (arrows) and the 
drivebelt tensioner assembly 
from the right side 


6.11 Separate the timing chain cover from the engine, using a 
soft-faced hammer if necessary to break the gasket seal 


10 Remove the timing chain cover-to-engine 
block bolts and the four oil pan-to-timing chain 
cover bolts from underneath. Including the oil 
pan bolts, there are 19 bolts to be removed 
from the timing chain cover. Note the locations 
of studs and different length bolts so they can 
be reinstalled in their original locations. 

11 Separate the timing chain cover from the 
engine block (see illustration). If it’s stuck, 
tap it gently with a soft-face hammer to break 
the gasket bond. Caution: DO NOT use 
excessive force or you may crack the cover. If 
the cover is difficult to remove, make sure all 
of the bolts have been removed. 


Installation 

Refer to illustrations 6.13, 6.14 and 6.16 

12 Clean the mating surfaces of the timing 
chain cover, engine block and cylinder heads 
to remove all traces of old gasket material, oil 
and dirt. Final cleaning should be with lacquer 
thinner or acetone. Warning: Be careful when 
cleaning any of the aluminum components. 
Use of a metal scraper could cause scratches 
or gouges that could lead to an oil leak later. 


6.14 Apply a small bead o 


f RTV sealant to the mating junctions of 


13 Install the three new gaskets to the back- 
side of the timing chain cover (see illustra- 
tion). 

14 Apply а 1/8-inch bead of RTV sealant 
to the junctions of the oil pan-to-engine block 
and the cylinder head-to-engine block (see 
illustration). Apply a small dab of RTV where 
the timing chain cover and engine block meet 
at the valve cover surface. 

15 Lubricate the timing chains and the lip of 
the crankshaft front oil seal with clean engine 
oil. 

16 Install the timing chain cover on the 
engine, within five minutes of applying the 
RTV sealant. Position the bottom/front edge 
of the timing chain cover flush with the front 
edge of the ой pan and “ІН” the top of the 
cover into place against the engine. Do not 
press the cover straight in against the engine 
or the sealant may be scraped off the front 
of the oil pan and cause a leak. Tighten the 
timing chain cover-to-engine block bolts in 
the recommended sequence (see illustra- 
tion), to the torque and sequence listed in this 
Chapter's Specifications. Tighten the timing 


the oil pan-to-engine block and cylinder head-to-engine block 


6.13 Install three new gaskets (arrows) into the grooves in the 
back of the timing chain cover 


chain cover-to-oil pan bolts to the specified 
torque as well. 

17 Install the remaining parts in the reverse 
order of removal. 

18 Add the proper type and quantity of 
engine oil and coolant (see Chapter 1). Run 
the engine and check for leaks. 


7 Timing chains, tensioners and 
sprockets - removal, inspection 
and installation 


Caution: At no time, once the timing chain(s) 
have been removed, can the crankshaft or the 
camshafts be rotated. If moved, damage to the 
valves and/or pistons can occur. Special tools 
are necessary to prevent the camshafts from 
moving when the timing chain is removed. 
Read through the entire procedure and obtain 
the necessary tools before proceeding. 

Note: Because this із an "interference" engine 
design, if the chain has broken, there will be 
damage to the valves and/or pistons and will 
require removal of the cylinder heads. 


6.16 Timing chain cover bolt tightening sequence 
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7.3 All of the engines 
covered in this 
Chapter have two 
long timing chains 
with two main 
tensioners (arrows) 


Removal 

Refer to illustrations 7.3 and 7.4 

Caution: The timing system is complex. 
Severe engine damage will occur if you make 
any mistakes. Do not attempt this procedure 
unless you are highly experienced with this 
type of repair. If you are at all unsure of your 
abilities, consult an expert. Double-check all 
your work and be sure everything is correct 
before you attempt to start the engine. 

1 Disconnect the cable from the negative 
battery terminal. 

2 Position the number one cylinder on 
TDC (see Section 3), and remove the spark 
plugs (see Chapter 1). 

3 Remove the valve covers (see Section 
4) and the timing chain cover (see Section 6). 
Two long timing chains connect the crankshaft 
to the camshafts (see illustration). 

4 Remove the crankshaft position sensor 
toothed-wheel (see illustration) by sliding it 
off the end of the crankshaft nose. Note the 
stamped word "rear" on the wheel to be sure 
it's reinstalled in the correct direction. 


5.4L, 6.8L and 4.6L Windsor-built 
engines 

Refer to illustrations 7.6a and 7.6b 

5 Оп 6.8L V10 engines, mark the balance 
shaft caps to ensure that they're installed in 
the correct position, then remove the cap 
bolts, the caps and the balance shaft. 

6 Install the camshaft and crankshaft 
retaining tools (see illustrations). Because 


7.ба Оп Windsor- 
built engines, use this 
crankshaft positioning 
tool - the side hole 
(arrow) fits over the 
dowel on the right side 
of the engine 


of different methods of retaining the camshaft 
sprockets on the WEP and REP engines, dif- 
ferent tools are required for each version. The 
tools lock the camshafts in position to prevent 
any movement of the camshafts in either 
direction, due to valve spring pressure, when 
the timing chains are removed. Caution: The 
camshaft(s) MUST be retained exactly at 
TDC. If the valve timing is off when the timing 
chain(s) are reinstalled, severe engine dam- 
age could result. 


4.6L Romeo-built engine 
Refer to illustrations 7.7a and 7.7b 
7 When positioning the engine at TDC for 
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7.7a Both camshaft keyways on the 
4.6L Romeo-built engine must be 
perpendicular to the valve cover 
mounting surface of the heads 
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7.4 The crankshaft sensor tooth wheel 
has a specific direction to be installed - 
look for the word “rear” stamped in it 


7.6b Each Windsor camshaft should be 
locked in TDC position with the camshaft 
holding tool, which bolts onto the 
camshaft between the second and third 
(from the front) camshaft retaining caps 
- the “legs” fit against the valve cover 
mounting surface on the cylinder head 


number 1 piston, look at the keyways on the 
camshaft sprockets. Use a square to insure 
that each keyway is at 90-degrees to the valve 
cover mounting surface of the cylinder head 
(see illustration). Then instail the camshaft 
position tool on the rear of the camshafts (see 
illustration). 


7.7b The camshaft positioning tool for the 
4.6L Romeo engine and adapters installs 
over the rear of the camshaft at TDC 
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All models 

Refer to illustrations 7.8a, 7.8b and 7.10 

8 Remove the right side timing chain ten- 
sioner (see illustrations). 

9 Remove the right timing chain from the 
crankshaft and camshaft sprockets, by slipping 
the chain off the camshaft sprocket and pulling 
the crankshaft sprocket off with the chain. 

10 Remove the stationary guide (see illus- 
tration). Note: The appearance of the chain 
guides is different between the WEP and REP 
engines, but the procedure and fasteners are 
the same. 

11 Remove the left side timing chain ten- 
sioner. Lift the chain off the camshaft sprocket 
and remove the chain along with the crank- 
shaft sprocket. 

12 Remove the left side stationary guide. 

13 If the camshaft sprockets are to be 
replaced, remove the camshaft sprocket bolt 
and large washer from the camshafts (REP 
engines), then pull the camshaft sprockets 
off. On WEP engines, use a two-bolt puller 
to remove the camshaft sprockets. Note: 
Note the location and direction of any spac- 
ers on the crankshaft or camshafts, but do not 
remove the spacers unless necessary. 


Inspection 

Refer to illustrations 7.15a and 7.15b 

14 Inspect the individual sprocket teeth and 
keyways for wear and damage. Check the 
chain for cracked plates, pitted or worn rollers. 
Check the wear surface of the chain guides 
for wear and damage. Replace any exces- 
sively worn or defective parts with new ones. 
Caution: /f excessive plastic material is miss- 
ing from the chain guides, the oil pan should 
be removed and cleaned of all debris (see 
Section 14). Check the ой pick-up tube and 
screen. Replace the assembly if it is clogged. 
15 Check the primary tensioners for proper 
operation: 


a) Release the plunger lock (see illustra- 
tion) and make sure the piston moves 
freely. 

b) Submerge the tensioner in a can of oil 
or solvent, remove from the fluid and 


7.15a To fully retract the primary 
tensioner, release the plunger lock (arrow) 
and push the plunger into the 
tensioner body 


7.8a To remove the timing chain 
tensioner, remove the two bolts 
from the tensioner (arrows)... 


depress the plunger to make sure the 
oil feed oil is not plugged (see illustra- 
tion). Note: A/so inspect the oil feed 
hole in the engine block to be certain it’s 
not plugged. 


Installation 

Refer to illustration 7.17 

Caution: Before starting the engine, carefully 
rotate the crankshaft by hand through at least 
two full revolutions (use a socket and breaker 
bar on the crankshaft pulley center bolt). If 


7.15b Check the tensioner oil feed 
hole (arrow) to be sure it’s not 
plugged by debris 
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from the dowel 
at the opposite end 


7.10 The stationary 
chain guide is removed 
by removing 


the bolts (arrows) at 
the mount plate 


you feel any resistance, STOP! There is some- 
thing wrong - most likely, valves are contacting 
the pistons. You must find the problem before 
proceeding. Check your work and see if any 
updated repair information is available. 

16 Install the stationary chain guides, for 
both sides, and tighten the bolts to the torque 
listed in this Chapter’s Specifications. 

17 If removed, install the left crankshaft 
sprocket on the crankshaft with the shoulder 
of the sprocket facing forward. When the two 
sprockets are placed correctly the hubs will be 


7.17 When both are installed, the two 
crankshaft sprockets should align like this; 
here the left sprocket is installed with its 
shoulder forward, and the right sprocket (in 
hand) is ready to install with its shoulder 

(arrow) toward the other sprocket 
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facing each other and there will be the maxi- 
mum space possible between the two sprock- 
ets (see illustration). For now, only install 
the inner (left chain) crankshaft sprocket, with 
its shoulder forward. Note: On later models, 
the sprocket is one-piece and installs with the 
flange forward. 

18 The two timing chains should each have 
two bright or colored links. The links separate 
the chain in two equal halves. If no colored. 
links are present, lay the chain down, make 
a paint mark on a link, then count links and 
make another paint mark halfway around the 
chain. Refer to Step 10 and reinstall both sta- 
tionary chain guides. Note: The longer bolts 
are the ones that hold the guide to the cylinder 
head, the shorter ones go to the engine block. 


5.4L, 6.8L and 4.6L Windsor-built 
engines 

Refer to illustrations 7.21a and 7.21b 

19 Loosen the camshaft holding tools just 
enough to permit minor movement of the 
camshafts for alignment. Using a camshaft 
positioning tool, available at most auto parts 
stores, or a two-pin spanner that catches two 
of the camshaft sprocket holes, turn the left 
camshaft until the timing mark on the sprocket 
is at 12 o'clock (viewed from the front of the 
engine). Turn the right sprocket until its mark 
is at 11 o'clock, then retighten both camshaft 
holding tools. 

20 Install the inner crankshaft sprocket with 
the shoulder facing out, if not already done 
(see illustration 7.17). 

21 Install the left timing chain, aligning the 
bright link with the dimple on the camshaft 
sprocket (see illustration). Loop the timing 
chain under the crankshaft sprocket and align 
the bright link with the alignment mark on the 
crankshaft sprocket. The timing marks on the 
crankshaft sprocket should be in the 6 o'clock 
position (see illustration). Note: The slack 
side of the chain (towards the water pump) 
must be below the dowel pin on the block. 


7.21а When installing the timing chain, align one of the bright 
links in the timing chain with the dimple on the camshaft 
sprocket (arrows) - sprocket should also align with 
the keyway in the camshaft 


22 Instal! the right side chain and crank- 
shaft sprocket (with its shoulder facing in) 
as above, but its slack side (the bottom run 
of the chain) should be above the dowel on 
the block. Note: /f necessary to achieve exact 
alignment of the chains and sprockets, move 
the camshaft sprockets slightly by loosening 
the holding tools. 

23 Оп 6.8L V10 engines, install the balance 
shaft on the left cylinder head, align the index 
mark on the balance shaft with the camshaft 
gear tooth mark (see illustration 9.19), install 
the balance shaft bearing caps and then 
tighten the cap bolts to the torque listed in this 
Chapter's Specifications. 


4.6L Romeo-built engine 

24 Install the camshaft sprocket spacers 
(if removed before) and bolt on the camshaft 
sprockets, tightening the bolts to the torque 
listed in this Chapter’s Specifications. Make 
sure the sprocket keyways are aligned with 
the camshaft keys before forcing the sprock- 
ets on or installing the bolt. 

25 Install the left timing chain, aligning its 
colored link to the mark on the crankshaft 
sprocket and to the mark on the camshaft 
sprocket. Install the right timing chain and its 
crankshaft sprocket. When both chains are 
installed and all colored links and marks are 
aligned, the keyways of the camshaft sprock- 
ets should be at a 90-degree angle to the 
valve cover mounting surface of the cylinder 
heads (see illustration 7.17). Remember, the 
shoulders on the crankshaft sprockets must 
face each other. 


All models 
Refer to illustration 7.26 


' 26 The steps for installing the timing chain 


tensioners/guides are the same for both sides, 
either side can be done first. Before assem- 
bling the tensioner with the chain guide, com- 
press the tensioner and lock it in this position 
with a straightened paper clip, Allen wrench or 


7.21b Align the bright link at the lower end of the chain with the 
alignment mark on the crankshaft sprocket (it should be at 6 
o’clock) then bolt the camshaft sprocket to the camshaft - both 
chains are aligned here 


2D-9 


drill bit (see illustration). 

27 Remove the slack from the chain by 
hand, and install the moveable guide assem- 
bly to the engine block and install the ten- 
sioner in the retracted position. Tighten the 
bolts to the torque listed in this Chapter's 
Specifications. Repeat for the other chain. 

28 Remove the paper clip and apply pres- 
sure against the tensioner chain guide so the 
tensioner fully extends against the chain guide 
and all slack is removed from the chain. 

29 Recheck all the timing marks to make 
sure they are still in alignment (see illustra- 
tion 7.21b). 

30 Remove the camshaft positioning tools 
and retaining tools. 

31 Slowly rotate the crankshaft in the nor- 
mal direction of rotation (clockwise) at least 
two revolutions and again bring the engine to 
TDC. If you feel any resistance, stop and find 
out why. Check all alignment marks to verify 
that everything is properly assembled. 

32 The remainder of installation is the 
reverse of removal. 


7.26 Lock the timing chain tensioner in 
the fully retracted position by placing a 
paper clip into the hole in the tensioner 
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8.3a Тһе special valve spring compressor 
hooks under the camshaft at (A), pushes 
on the valve spring retainer at (B), and 
is operated by a 1/2-inch drive breaker bar 
placed at (C) 


8 Rocker arms and valve lash 
adjusters - removal, inspection 
and installation 


There are two methods of removing 
the rocker arms and lash adjusters on these 
engines. The method recommended by the 
manufacturer accomplishes the removal of the 
camshaft roller followers without the removal 
of the camshaft(s) by using two special tools 
specified by the manufacturer: a valve spring 
spacer and a valve spring compressor, which 
are made specifically for these overhead 
cam engines and are available at some auto 
parts stores that carry special tools, or can be 
ordered from specialty tool dealers. The valve 
spring compressor uses the camshaft as a 
pivot point and, with a ratchet or bar attached, 
pushes down on the spring to release tension 
on the cam follower. The spring spacer keeps 
the spring from collapsing too far and hitting 
the valve stem seal. The alternative method 
requires the removal of the camshaft (see 


8.5 Inspect the lash adjuster for signs 
of excessive wear or damage, such as 
pitting, scoring or signs of overheating 
(bluing or discoloration), where the tip 
contacts the camshaft follower (1) 
and the side surfaces that contact the 
lifter bore in the cylinder head (2) 
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8.3b Compress the valve spring until you 
can slip the rocker arm out - keep the 
rocker arms and lash adjusters matched 
to their original location 


Section 9) in order to remove the cam fol- 
lowers. Either method will achieve the same 
results, but it is much easier using the special 
tools, if they can be located. 


Removal 

Refer to illustrations 8.3a, 8.3b and 8.4 

1 Remove the valve cover(s) (see Sec- 
tion 4). 

2 Because of the interference design of 
these modular engines, the pistons must be 
positioned off TDC before compressing the 
valve springs to remove the rocker arms or 
lash adjusters. For whatever cylinder you are 
removing the rocker arms from, remove the 
spark plug and insert a plastic pen (hold onto 
it) to see how far the piston is from the top 
of its travel. If necessary, turn the crankshaft 
until the pen indicates the pistons are down at 
least an inch or two from TDC. 

3 Install valve spring compressor and com- 
press the spring enough to remove the rocker 
arm (see illustrations). Camshaft rocker 
arms and hydraulic lash adjusters MUST be 
reinstalled with the same camshaft lobe that 
they were removed from. Label and store 
all components to avoid confusion during 
reassembly. Caution: A valve spring spacer 
should be inserted into the coils of the spring 
before compressing it. If the spacer isn't in 
place between one of the valve spring coils, 
the spring can be compressed too far and the 
valve seal may be damaged. 
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8.4 Pull the lash adjuster straight ир апа 
out of the cylinder head 


4 Remove the hydraulic lash adjuster 
(see illustration). If there are many miles on 
the vehicle, the adjusters may have become 
varnished and difficult to remove. Apply a 
little penetrating oil around the lash adjuster 
to help loosen the varnish. Note: Keep the 
rocker arm and lash adjuster for each valve 
together in a marked plastic sandwich bag. 


Inspection 

Refer to illustrations 8.5 and 8.7 

5 Inspect each adjuster carefully for signs 
of wear or damage. The areas of possible 
wear are the ball tip that contacts the cam fol- 
lower and the sides of the adjuster that contact 
the bore in the cylinder head (see illustra- 
tion). Since the lash adjusters can become 
clogged as mileage increases, we recommend 
replacing them if you’re concerned about their 
condition or if the engine is exhibiting valve 
“tapping” noises. 

6 A thin wire or paper clip can be placed іп 
the oil hole to move the plunger and make sure 
its not stuck. Note: The lash adjuster must 
have no more than 1/16-inch of total plunger 
travel. it's recommended that if replacement 
of any of the adjusters is necessary, that the 
entire set be replaced. This will avoid the need 
to repeat the repair procedure as the others 
require replacement in the future. 

7 Inspect the rocker arms for signs of wear 
or damage. The areas of wear are the ball 
socket that contacts the lash adjuster and the 
roller where the follower contacts the cam- 
shaft (see illustration). 


8.7 Check the roller 


surface (arrow) of the 
rocker arms and the areas 
where the valve stem and 
lash adjuster contact the 

rocker (arrows at right) 
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indicator off the front of the camshaft and prying the 
camshaft gently forward and back 


Installation 

8 Before installing the lash adjusters, bleed 
as much air as possible out of them. Stand 
the adjusters upright in a container of oil. Use 
a thin wire or paper clip to work the plunger 
up and down. This "primes" the adjuster and 
removes most of the air. Leave the adjusters 
in the oil until ready to install. 

9 Lubricate the valve stem tip, rocker arm, 
and lash adjuster bore with clean engine oil. 
10 Install the lash adjusters and, with the 
valve spring depressed as in Step 3, install 
each rocker arm. 

11 The remainder of installation is the 
reverse of the removal procedure. 

12 When re-starting the engine after replac- 
ing the adjusters, the adjusters will normally 
make some "tapping" noises, until all the air is 
bled from the lash adjusters. After the engine 
is warmed-up, raise the speed from idle to 
3,000 rpm for one minute. Stop the engine 
and let it cool down. All of the noise should be 
gone when it is restarted. 


9  Camshaft(s) - removal, 
inspection and installation 


Removal 
Refer to illustrations 9.3 and 9.4 
1 Remove the valve covers (see Sec- 
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9.9a Areas to look for excessive wear ог damage оп the camshafts 
are the bearing surfaces and the camshaft lobes (arrows) 


9.4 REP engines have two “camshaft cap clusters” (rather than 
individual bearing caps like the WEP engines), that hold the 
camshaft in place on the cylinder head. Note the position 
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of the two different bolts (arrows) 


tion 4), and the timing chain cover (see Sec- 
tion 6). Note: On the 6.8L V10 engine, it will 
be necessary to remove the intake manifold 
from the engine. 

2 Remove the timing chains, camshaft 
sprockets and spacers (see Section 7). Cau- 
tion: Don't mix up the sprockets; they are 
marked as RB (right bank) and LB (left bank), 
and must go back on the appropriate cam- 
shaft. 

3 Measure the thrust clearance (endplay) 
of the camshaft(s) with a dial indicator (see 
illustration). If the clearance is greater than 
the value listed in this Chapter's Specifica- 
tions, replace the camshaft and/or the cylin- 
der head. 

4 There are two designs for holding the 
camshaft journals. On Windsor-built engines, 
there are individual camshaft caps at each 
journal, while Romeo-built engines have two 
"camshaft cap clusters" for each camshaft. 
The configuration of the two cap clusters are 
different and must be placed in their original 
locations. Mark the camshaft cap clusters 
with a front and rear indication, for both the 
left and right cylinder heads. Note: Two bolts 
used on one of the camshaft cap clusters are 
different than the others (see illustration); be 
sure they go back in the same locations on 
reassembly. 

5 Refer to Section 6 for removal of the 


in. 


front cover and Section 7 for removal of the 
timing chains. Note: While the timing chains 
are off, the crankshaft must not be turned or 
valve-to-piston interference could result. 

6 On 6.8L engines, remove the balance 
shaft journal bolts and lift the balance shaft 
from each cylinder head. 

7 | Remove the caps and lift the camshaft 
off the cylinder head. You may have to tap 
lightly under the camshaft caps to jar them 
loose. Don't mix up the camshafts or any of 
the components. They must all go back on 
the same positions, and on the same cylin- 
der head they were removed from. Note: It’s 
IMPORTANT to loosen the bearing cap bolts 
only 1/4-turn at a time, following the reverse 
of the tightening sequence (see illustra- 
tions 9.16a, 9.16b and 9.16c), until they can 
be removed by hand. 

8 Repeat this procedure for removal of the 
remaining camshaft. 


Inspection 

Refer to illustrations 9.9a, 9.9b, 9.10a, 9.10b, 
9.10c, 9.11a, 9.11b and 9.13 

9  Visually examine the cam lobes and 
bearing journals for score marks, pitting, gall- 
ing and evidence of overheating (blue, discol- 
ored areas). Look for flaking of the hardened 
surface of each lobe (see illustrations). 


9.9b Inspect the bearing surfaces of the camshaft bearing caps 
(arrows) for signs of excessive wear, damage or overheating 
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9.10а Measuring the camshaft bearing 
journal diameter 
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9.11a Lay a strip of Plastigage on each of 
the camshaft journals 


10 Using a micrometer, measure the diam- 
eter of each camshaft journal and the lift of 
each camshaft lobe (see illustrations). Com- 
pare your measurements with the Specifica- 
tions listed at the front of this Chapter, and if 
the diameter of any one of these is less than 
specified, replace the camshaft. 

11 Check the oil clearance for each cam- 
shaft journal as follows: 


9.13 Oil is delivered to the timing chain tensio 
and reservoir in the cylinder head 


1 Tensioner oil feed tube 2 


ner by a feed tube 


ж end ie 


Reservoir 


9.10b Measure the camshaft lobe at its 
greatest dimension... 


9.11b Compare the width of the crushed 
Plastigage to the scale on the envelope to 
determine the oil clearance 


a) Clean the bearing surfaces and the cam- 
Shaft journals with lacquer thinner or 
acetone. 

b) Carefully lay the camshaft(s) in place in 
the cylinder head. Don't install the rocker 
arms or lash adjusters and don't use any 
lubrication. 


9.16a Camshaft cap cluster boit tightening sequence, 
4.6L Romeo engines - notice that each cap is tightened 
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,.and subtract the camshaft lobe 
diameter at its smallest dimension to 
obtain the lobe lift specification 


9.10с . 


с) Lay a strip of Plastigage on each journal 
(see illustration). 

d) install the camshaft bearing caps. 

e) Tighten the cap bolts, a little at a time, to 
the torque listed in this Chapter's Speci- 
fications. Note: Don't turn the camshaft 
while the Plastigage is in place. 

f) Remove the bolts and detach the caps. 

g) Compare the width of the crushed Plasti- 
gage (at its widest point) to the scale on 
the Plastigage envelope (see illustra- 
tion). 

h) If the clearance is greater than specified, 
and the diameter of any journal is less 
than specified, replace the camshaft. If 
the journal diameters are within specifi- 
cations but the oil clearance is too great, 
the cylinder head is worn and must be 
replaced. 


12 Scrape off the Plastigage with your fin- 
gernail or the edge of a credit card - don't 
scratch or nick the journals or bearing sur- 
faces. 

13 Finally, be sure to check the timing chain 
tensioner oil feed tube and reservoir before 
installing the cam caps (see illustration). 
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separately and has its own sequence 
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9.16b Camshaft cap tightening sequence - 4.6L апа 5.4L 


Windsor engines 
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9.16c Camshaft cap tightening sequence - 6.8L engines 


It must be absolutely clean and free of all 
obstructions or it will affect the operation of 
the timing chain tensioner. 


Installation 

Refer to illustrations 9.16a, 9.16b, 9.16c 

and 9.19 

14 If the lash adjusters and/or camshaft fol- 
lowers have been removed, install them in 
their original locations (see Section 8). 

15 Apply moly-base grease or camshaft 
installation lube to the camshaft lobes and 
bearing joumals, then install the camshaft(s). 
16 Install the camshaft caps in the correct 
locations, and loosely install all the bolts. Refer 
to Section 7 to align the camshaft sprockets 
before tightening the cap bolts. Following the 
correct bolt-tightening sequence (see illustra- 
tions), tighten the bolts in 1/4-turn increments 
to the torque listed in this Chapter's Specifica- 
tions. 

17 Reinstall the camshaft positioning and 
retaining tools (see Section 7) to set the cam- 
shafts at TDC before reinstalling the timing 
chain(s). 

18 Install the timing chain(s), tensioners and 
timing chain cover (see Section 7). 

19 On 6.8L engines, install the balance shaft 
on the left cylinder head. Be sure to align the 
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9.19 Camshaft and balance shaft alignment marks (arrows) 
on the 6.8L V10 engine 


index mark on the balance shaft with the 
camshaft gear tooth mark (see illustration). 
Tighten the balance shaft bearing cap bolts to 
the torque listed in this Chapter's Specifica- 
tions. Start with the front (timing chain side) 
cap bolts and work towards the rear. 

20 The remainder of installation is the 
reverse of the removal procedure. 


10 Valve springs, retainers and 
seals - removal and installation 


Broken valve springs and/or defec- 
tive valve stem seals can be replaced with- 
out removing the cylinder heads. There is a 
method described in Section 8, using a tool 
recommended by the manufacturer, which 
accomplishes the removal of the valve 
springs and seals without the removal of the 
camshafts. The alternative method uses a 
more commonly available tool, but will require 
the removal of the camshaft (see Section 9) 
in order to remove the valve spring. Either 
method will achieve the same results, but it is 
much easier using the manufacturer's recom- 
mended procedure, if the correct tools can be 
located. 


10.4 This is the air hose adapter that threads into the spark plug 


In either repair procedure, a compressed 
air source is normally required to perform this 
operation, so read through this Section care- 
fully and rent or buy the tools before begin- 
ning the job. 


Removal 

Refer to illustration 10.4 

1 Remove the valve cover (see Section 4). 
2 Remove the spark plug from the cylin- 
der with the defective component. If all of the 
valve stem seals are being replaced, remove 
all the spark plugs. 

3 Turm the crankshaft until the piston in the 
affected cylinder is at Top Dead Center (TDC) 
on the compression stroke (see Section 3). If 
you're replacing all of the valve stem seals, 
begin with cylinder number one and work on 
the valves for one cylinder at a time. Move 
from cylinder-to-cylinder following the firing 
order sequence (see this Chapter's Specifica- 
tions). 

4 Thread ап air hose adapter into the spark 
plug hole (see illustration) and connect an 
air hose from a compressed air source to it. 
Most auto parts stores can supply the air hose 
adapter. Note: Many cylinder compression 
gauges utilize a screw-in fitting that may work 
with your air hose quick-disconnect fitting. 


hole - they're commonly available from auto parts stores 
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10.12 Installation of a valve spring 
compressor more commonly available 
at local automotive parts stores (the 
camshaft must be removed for the use of 
this type of valve spring compressor) 


5 Apply compressed air to the cylinder. 
Warning: The piston may be forced down by 
compressed air, causing the crankshaft to turn 
suddenly. If the wrench used when positioning 
the number one piston at TDC is still attached 
to the bolt in the crankshaft nose, it could 
cause damage or injury when the crankshaft 
moves. 

6 The valves should be held in place by 
the air pressure. 

7 Stuff shop rags into the cylinder head 
holes above and below the valves to prevent 
parts and tools from falling into the engine. 


Method using special tools 

8 Install a valve spacer, available at most 
auto parts stores. Caution: /f the spacer isn't 
in place between one of the valve coils, the 
spring can be compressed too far, possibly 
damaging the valve seal. 

9 Compress the spring and remove the 
rocker arm (see Section 8). Rocker arms and 
hydraulic lash adjusters MUST be reinstalled 
with the same camshaft lobe that they were 
removed from. Label and store all compo- 
nents to avoid confusion during reassembly. 
10 Keeping the spring compressed, remove 
the keepers with small needle-nose pli- 
ers or a magnet (see illustration 10.13). 
Remove the spring retainer and valve spring. 
Remove the valve stem seal (see illustra- 
tion 10.15). If air pressure fails to hold the 


10.13 Once the spring is compressed, 
remove the keepers with a needle-nose 
pliers or a magnet, as shown here 


valve in the closed position during this opera- 
tion, the valve face and/or seat is probably 
damaged. If so, the cylinder head will have to 
be removed for additional repair operations. 


Alternative procedure 

Refer to illustrations 10.12, 10.13 and 10.15 
11 Remove the camshaft(s) (see Sec- 
tion 9). 

12 Install the commonly available clamp- 
type valve spring compressor (see illustra- 
tion). 

13 Compress the spring and remove the 
keepers with small needle-nose pliers or a 
magnet (see illustration). 

14 Remove the spring retainer and valve 
spring. 

15 Remove the stem seal (see illustra- 
tion). If air pressure fails to hold the valve in 
the closed position during this operation, the 
valve face and/or seat is probably damaged. If 
so, the cylinder head will have to be removed 
for additional repair operations. 


Installation 

Refer to illustrations 10.20a, 10.20b 

and 10.22 

16 Wrap a rubber band or tape around the 
top of the valve stem so the valve won't fall 
into the combustion chamber, then release 
the air pressure. 

17 Inspect the valve stem for damage. 


Rotate the valve in the guide and check the, 


end for eccentric movement, which would 


10.20a The 
valve stem seais 


combine a seal 
with the valve 
spring seat 


10.15 Use pliers to firmly grasp the old 
seal and pull it off the valve guide 
indicate that the valve is bent. 
18 Move the valve up-and-down іп the guide 
and make sure it doesn't bind. If the valve stem 
binds, either the valve is bent or the guide is 
damaged. In either case, the cylinder head will 
have to be removed for repair. 
19 Reapply air pressure to the cylinder to 
retain the valve in the closed position, then 
remove the tape or rubber band from the 
valve stem. 
20 Lubricate the valve stem with engine 
oil and install a new seal (see illustration). 
There is a special tool for the installation of 
the vaive seal. If the tool isn't available, a 
socket that will fit over the seal and is deep 
enough to make contact with the seat (see 
illustration), can be used to carefully tap the 
new seal into place. Caution: The valve seal 
used on these engines is a combination seal 
and spring seat. Never place a valve spring 
directly against the aluminum cylinder head 
(without a seal/spring seat) - the hardened 
spring would damage the cylinder head. 
21 Make sure the garter spring on the seal 
is still in place, and install the spring in posi- 
tion over the valve. 
22 install the valve spring retainer. Com- 
press the valve spring and carefully position 
the keepers in the groove. Apply a small dab 
of grease to the inside of each keeper to hold 


көм Г _ 


10.20b There is а special valve seal 

installation tool available, but a deep 
Socket that fits over the seal can be used 
to gently tap the seal into place 
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10.22 Apply a small dab of grease to each 

keeper as shown here before installation 

“ІРІ! hold them in place on the valve stem 
as the spring is released 


it in place if necessary (see illustration). 

23 Remove the pressure from the spring 
tool and make sure the keepers are seated. 
24 Disconnect the air hose and remove the 
adapter from the spark plug hole. 

25 If the camshaft(s) were removed, rein- 
stall them at this time (see Section 9). 

26 install the spark plug(s) and connect the 
wire(s). 

27 The remaining installation steps are the 
reverse of removal. 

28 Start and run the engine, then check for 
oil leaks and unusual sounds coming from the 
valve cover area. 


11 Intake manifold - removal and 
installation 


Note: The intake manifold is designed as a 
two piece unit. The lower section of the intake 
manifold can only be accessed after the intake 
manifold has been removed from the engine. 
The lower section of the intake manifold con- 
tains the intake manifold tuning valve. Refer 
to Chapter 4 for additional information. 


Removal 

1 Disconnect the cable from the negative 
battery terminal. Relieve the fuel system pres- 
sure (see Chapter 4). 

2 Drain the cooling system and remove the 
drivebelt (see Chapter 1). 

3 Disconnect the radiator hose from the 
thermostat housing and remove the thermo- 
stat housing (see Chapter 3). The thermostat 
housing bolts also retain the intake manifold. 
4 Remove the air cleaner and outlet tube 
(see Chapter 4). 

5 Label and disconnect all vacuum lines 
connected to the intake manifold. On 2001 
and later models, disconnect the fuel pres- 
sure sensor vacuum hose and electrica! con- 
nector. 

6 Remove the PCV and canister purge 
hoses from the valve covers (see Section 4). 
7 Refer to Chapter 4 for the following pro- 
cedures: disconnect the accelerator cable, 
speed control linkage (if so equipped), electri- 
cal connectors at the throttle body, fuel injec- 
tors, fuel rails, and disconnect and plug the 
fuel supply and return lines. 


8 Refer їо Chapter 5 and disconnect the 
ignition wire brackets, boots and wires and set 
them out of the way. On later models, remove 
the individual coils over each spark plug. 
Note: Pull the spark plug wire separators from 
their mounts on the valve cover studs and lay 
the wires out of the way. 

9 Refer to Chapter 6 for the following pro- 
cedures: disconnect the idle air control valve, 
differential pressure feedback transducer and 
hoses, engine vacuum regulator sensor and 
EGR valve-to-exhaust manifold pipe. 

10 Бізсоппесі the alternator electrical con- 
nectors and remove the alternator (see Chap- 
ter 5). 

11 Remove the bolts retaining the alterna- 
tor bracket to the intake manifold (see Chap- 
ter 5). 

12 Бізсоппесі the ignition coils (see Сһар- 
ter 5). 

13 Disconnect the electrical connectors 
from the camshaft sensor, coolant tempera- 
ture sending unit, air charge temperature sen- 
sor, throttle positioner and idle speed control 
solenoid (see Chapter 6). Note: On 2005 and 
later models, the throttle body does not have 
an accelerator cable. The electronic throttle 
body has a large electrical connector - to dis- 
connect it, pull out the red clip first. 

14 Disconnect the heater hose at the mani- 
fold, then unbolt the heater hose tube from 
the back of the engine. 

15 Pull the engine wiring harness off the 
valve cover and intake studs and away from 
the intake manifold. On 2001 and later mod- 
eis, remove the mounting bolts/nuts and 
remove the throttle body. 

16 Unbolt the power steering reservoir 
bracket and set the pump aside (see Chap- 
ter 10). 

17 Unbolt the bracket supporting the power 
brake booster hose at the left-rear of the 
engine. 
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11.23a Intake manifold lower section 
tightening sequence - V8 engines 
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18 Loosen the intake manifold bolts and 
nuts in 1/4-turn increments, following the 
reverse order of the tightening sequence (see 
illustrations 11.27a and 11.27b), until they 
can be removed by hand. 

19 Lift the intake manifold from the cylinder 
heads and disconnect the intake manifold tun- 
ing valve from the lower section, if necessary. 
The manifold may be stuck to the cylinder 
heads and force may be required to break the 
gasket seal. A prybar can be used to pry up 
the manifold, but make sure all bolts and nuts 
have been removed first! Caution: Don't pry 
between the engine block and manifold or the 
cylinder heads, or damage to the gasket seal- 
ing surface may occur, leading to vacuum and 
oil leaks. Pry only at the manifold protrusion. 
20 Remove the intake manifold gaskets and 
clean all traces of gasket or sealant mate- 
rial from the sealing surfaces of the cylinder 
heads and intake manifold. 


Lower section of intake manifold 
Refer to illustrations 11.23a and 11.23b 

21 Remove the bolts that retain the lower 
section of the intake manifold. These bolts 
are located on the interior portion of the upper 
intake manifold (see illustrations 11.23a and 
11.23b). Follow the reverse of the tightening 
sequence. 

22 Clean all traces of old gasket material 
from the mating surfaces of the manifolds. Be 
sure to install a new gasket. 

23 Installation is the reverse of removal. 
Tighten the bolts to the torque listed in this 
Chapter's Specifications. Follow the correct 
tightening sequence (see illustrations). 
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11.23b Intake manifold lower section 
tightening sequence - V10 engines 


replace it if necessary - REP engine shown 


Installation 

Refer to illustrations 11.27, 11.28, 11.30a 

and 11.30b 

Caution: The mating surfaces of the cylinder 
heads, engine block and intake manifold must 
be perfectly clean. Gasket removal solvents in 
aerosol cans are available at most auto parts 
stores and may be helpful when removing old 
gasket material that’s stuck to the cylinder 
heads and intake manifold. Since the cylinder 
heads are aluminum and the intake manifold 
is aluminum or plastic, aggressive scraping 
can cause damage! Be sure to follow direc- 
tions printed on the container, and use only a 
plastic-tipped scraper, not a metal one. 

24 Ifthe intake manifold was disassembled 
from the lower section, reassemble it or if you 
are replacing it, transfer all components to the 
new intake manifold, including the IMRC com- 
ponents. Use electrically conductive sealant 
on the temperature sending unit threads. Use 
a new EGR valve gasket. 

25 Remove the old gaskets, then clean the 
mating surfaces with lacquer thinner or ace- 
tone. If there’s old sealant or oil on the mating 
surfaces when the intake manifold is installed, 


oil or vacuum leaks may develop. 

26 When working on the cylinder heads 
and engine block, cover the open engine 
areas with shop rags to keep debris out of the 
engine. Use a vacuum cleaner to remove any 
gasket material that falls into the intake ports 
in the cylinder heads. 

27 Use a tap of the correct size to chase 
the threads in the bolt holes, then use com- 
pressed air (if available) to remove the 
debris from the holes. Warning: Wear safety 
glasses or a face shield to protect your eyes 
when using compressed air! Remove exces- 
sive carbon deposits and corrosion from the 
exhaust and coolant passages in the cylinder 
heads and intake manifold. Note: /f the vehi- 
cle has many miles on it, replace the water 
pump hose (normally hidden by the intake 
manifold) before replacing the manifold (see 
illustration). On REP engines, the hose is 
retained by a clamp, and a metal tube and nut 
are used on WEP engines. On WEP engines, 
replace the O-ring at the tube nut. 

28 Install the gaskets on the cylinder heads 
(see illustration). Make sure all alignment 
tabs, intake port openings, coolant passage 
holes and bolt holes are aligned correctly. 


GS, 
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11.30a Intake manifold bolt tightening 
sequence - V8 engines 
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11.30b Intake manifold bolt tightening 
sequence - V10 engines 


11.28 Install the new intake manifold gaskets to the cylinder head, 
aligning the plastic pins (arrow) to their 
hoies in the cylinder head 


The gasket that goes on the cylinder head 
will have projecting plastic pins to align it with 
holes in the cylinder head. 

29 Carefully set the intake manifold in place. 
Don't disturb the gaskets and don't move the 
manifold fore-and-aft after it contacts the gas- 
kets on the engine block. 

30 Install the intake manifold bolts and, fol- 
lowing the recommended tightening sequence 
(see illustrations), tighten them to the torque 
listed in this Chapter's Specifications. Replace 
the O-ring seal on the thermostat housing. 
Install the thermostat housing and tighten the 
bolts to the torque listed in Chapter 3 Specifi- 
cations. 

31 The remaining installation steps are the 
reverse of removal. Use a new gasket when 
installing the throttle body. Start the engine 
and check carefully for oil and coolant leaks. 


12 Exhaust manifolds - removal and 
installation 


Removal 

Refer to illustrations 12.5, 12.6a and 12.6b 

1 Disconnect the cable from the negative 
battery terminal. 

2 Remove the nut and move the power 
brake booster vacuum hose support bracket. 
3 Raise the vehicle and support it securely 
on jackstands. Warning: Some models cov- 
ered by this manual are equipped with an 
air suspension system. Always disconnect 
the electrical power to the suspension sys- 
tem before lifting or towing (see Chapter 10). 
Failure to perform this procedure may result 
in unexpected shifting or movement of the 
vehicle, which could cause personal injury. 


: Remove the inner splash shield from the fend- 


erwell. 

4 Working under the vehicle, apply pen- 
etrating oil to the exhaust pipe-to-manifold 
studs and nuts (they're usually corroded or 


rusty). Also apply some to the EGR pipe fitting 
on the left exhaust manifold. 
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12.5 Remove the nut (arrow) securing 
the oil dipstick tube 


5 Remove the nuts retaining the exhaust 
pipes to the manifolds. On the left side, 
remove the nut and bracket securing the oil 
dipstick tube (see illustration). 

6 Remove the EGR pipe fitting from the 
left exhaust manifold. And on later mod- 
els, remove the EGR tube from the vehicle. 
Remove the eight mounting nuts from each 
manifold (see illustrations). Note: The 
exhaust manifold nuts are difficult to access. 
You'll need a flex-socket and various-length 
3/8-inch drive or 1/4-inch drive extensions to 
reach all the bolts. 


Installation 

7 Check the exhaust manifolds for cracks. 
Make sure the bolt threads are clean and 
undamaged. The exhaust manifold and суі- 
inder head mating surfaces must be clean 
before the exhaust manifolds are reinstalled 
- use a gasket scraper to remove all carbon 
deposits. 

8 Position a new gasket in place and slip 
the exhaust manifold over the studs on the 
cylinder head. Install the mounting nuts. 

9 When tightening the mounting nuts, 
tighten one top row bolt and its opposite on 
the bottom row, working from the center of 
the manifold out toward each end of the man- 
ifold. 

10 The remaining installation steps are 
the reverse of removal. When reconnect- 
ing the EGR tube to the left manifold, use a 
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12.6a Disconnect the EGR tube (arrow) 
from the left exhaust manifold 


slight amount of anti-seize compound on the 
threads. 

11 Start the engine and check for exhaust 
leaks. 


13 Cylinder heads - removal and 
installation 


Caution: The engine must be completely cool 
when the cylinder heads are removed. Failure 
to allow the engine to cool off could result in 
cylinder head warpage. 

Note 1: Cylinder head removal is a difficult 
and time-consuming job requiring several 
special tools. Read through the procedure 
and obtain the necessary tools before begin- 
ning. 

Note 2: On 2003 and later models, the manu- 
facturer recommends removing the engine 
from the vehicle to remove the cylinder heads 
(see Chapter 2, Part E). 


Removal 

1 Disconnect the negative battery cable 
and drain the cooling system (see Chapter 1). 
2 Remove the valve covers (see Sec- 
tion 4) and the intake manifold (see Sec- 
tion 11). 

3 Remove the exhaust manifolds (see 
Section 12). 

4 Remove the timing chain cover (see 
Section 6). 


12.6b Remove the 
exhaust manifold 
nuts (three are 


shown here on the 
left manifold) 


5 Тһе cylinder heads can be removed with 
the camshafts, rocker arms and lash adjusters 
in place. Remove the timing chains, tension- 
ers and guides (see Section 7). Caution: Use 
the required camshaft retaining fixtures to lock 
the camshafts and leave the tools in place. 

6 Ifthe cylinder head is to be completely 
overhauled, refer to Section 8 and remove the 
rocker arms, and Section 9 for removal of the 
camshafts. 

7 Following the reverse of the tightening 
sequence (see illustration 13.18a), use a 
breaker bar to remove the cylinder head bolts. 
Loosen the bolts in sequence 1/4-turn at a 
time. 

8 Use аргу bar at the corners of the суі- 
inder head-to-engine block mating surface to 
break the cylinder head gasket seal. Do not 
pry between the cylinder head and engine 
block in the gasket sealing area. 

9  Liftthe cylinder head(s) off the engine. If 
resistance is felt, place a wood block against 
the end and strike the wood block with a ham- 
mer. Caution: The cylinder heads are alumi- 
num - store them on wood blocks to prevent 
damage to the gasket sealing surfaces. 

10 Remove the cylinder head gasket(s). 
Before removing, note which gasket goes on 
which side (they are different and cannot be 
interchanged). 

11 Cylinder head disassembly and inspec- 
tion procedures are covered in detail in Chap- 
ter 2, Part E. 


Installation 

Refer to illustrations 13.15, 13.16, 13. 18а, 
13.18b апа 13.18c 

Caution: New cylinder head bolts must be 
used for reassembly. Failure to use new bolts 
may result in cylinder head gasket leakage 
and engine damage. 

12 Тһе mating surfaces of the cylinder heads 
and engine block must be perfectly clean when 
the cylinder heads are installed. Use liquid sil- 
icone-gasket remover on the gasket surfaces 
and scrape the head and block with a plastic 
scraper only or the gasket surfaces could be 
damaged. Use a gasket scraper to remove all 
traces of carbon and old gasket material, then 
clean the mating surfaces with lacquer thinner 
or acetone. If there's oil on the mating surfaces 
when the cylinder heads are installed, the gas- 
kets may not seal correctly and leaks may 
develop. When working on the engine block, 
cover the open areas of the engine with shop 
rags to keep debris out during repair and reas- 
sembly. Use a vacuum cleaner to remove any 
debris that falls into the cylinders. Caution: 
Do not use abrasive wheels or sharp metal 
scrapers on the heads or block surface, use a 
plastic scraper and chemical gasket remover, 
or the head gasket surfaces could have future 
leaks. 

13 Check the engine block and cylin- 
der head mating surfaces for nicks, deep 
scratches and other damage. 

14 Use atap of the correct size to chase the 
threads in the cylinder head bolt holes. Dirt, 
corrosion, sealant and damaged threads will 
affect torque readings. 


13.15 Identify the left and right cylinder head gaskets, the shapes 
are different and cannot be interchanged 


13.18a Cylinder head bolt tightening sequence for V8 engines - 
4.6L Romeo engine shown but the V8 Windsor engines similar 


15 Маке sure the new gaskets are installed 
on the correct cylinder banks (see illustra- 
tion). They are not interchangeable. 

16 Position the new gasket(s) over the 
alignment dowels (see illustration) in the 
engine block. 

17 If the cylinder heads are being installed 
with the camshafts in place, make sure the 
camshafts are back in their original TDC posi- 
tions (see Sections 7 and 9) before placing 
the cylinder heads on the engine block. Cau- 
tion: /f the camshafts aren't in the position 
described, damage may result to either the 


13.18c Mark each cylinder head bolt 
with a paint stripe (arrows) and using a 
breaker bar and socket, tighten the bolts 
in sequence the additional 1/4-turn 
(90-degrees) 


pistons and/or valve train parts. 

18 Carefully position the cylinder heads on 
the engine block without disturbing the gas- 
kets. Install NEW cylinder head bolts (the 
cylinder head bolts are torque-to-yield design 
and cannot be reused). Following the recom- 
mended sequence (see illustrations), tighten 
the cylinder head bolts, in three steps, to the 
torque listed in this Chapter's Specifications. 
Note: Тһе method used for the cylinder head 
bolt tightening procedure is referred to as 
"torque-angle" or "torque-to-yield" method. 
Follow the procedure exactly. Tighten the 
bolts in the first step using a torque wrench, 
then use a breaker bar and a special torque- 
angle adapter (available at most auto parts 
stores) to tighten the bolts the required angle. 
If the adapter is not available, mark each bolt 
with a paint stripe to aid in the torque angle 
process (see illustration). 

19 The remaining installation steps are the 
reverse of removal. 

20 Change the engine oil and filter (Chap- 
ter 1), then start the engine and check care- 
fully for oil and coolant leaks. 


14 Oil pan - removal and installation 


Removal 
Refer to illustration 14.13 
1  Disconnect the negative battery cable 


13.16 Position the gaskets on the correct cylinder banks, then 
push them down over the alignment dowels (arrows) 
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13.18b Cylinder head bolt tightening sequence for V10 engines 


from the battery. 

2 Remove the air cleaner and intake duct 
(see Chapter 4). 

3 Refer to Chapter 1 and drain the engine 
oil and remove the oil filter. 

4 Refer to Chapter 3 and remove the 
engine cooling fan assembly and shroud. 

5 Remove the throttle body from the intake 
manifold (see Chapter 4). On 2001 and later 
models, refer to Section 11 and remove the 
intake manifold. 

6 Remove the vapor management valve 
(see Chapter 6). 

7 Remove the transmission tube nut, 
located at the back of the right cylinder head, 
and position the tube aside. 

8 Raise the vehicle and support it securely 
on jackstands. 

9 Remove the nuts from the front engine 
mounts. 

10 Remove the driveplate inspection cover 
from the transmission bellhousing. 

11 Carefully position two floor jacks under 
the right and left oil pan rails and raise the 
engine. Caution 1: Raise the engine slowly 
while observing the location of the intake 


' manifold if not removed already. Do not allow 


the intake manifold to contact the vehicle or 
damage to the throttle body may occur. Cau- 
tion 2: Do not position the floorjack onto the 
ой pan or it will be severely damaged. Note: It 
is preferable to use two screw jacks to lift the 


Ё 


engine because of the narrow lifting pad. Тһе 
manufacturer recommends raising the engine 
from above, using an engine support cradle or 
crane. 

12 If using jacks from below, place two large 
blocks of wood between the engine mounts 
and the lower engine mount brackets after the 
engine is raised. Lower the engine onto the 
blocks. Note that the engine must be raised 
10.25 inches. 

13 Remove the oil pan mounting bolts (see 
illustration). 

14 Carefully separate the oil pan from the 
engine Біоск. Don’t pry between the engine 
block and oil pan or damage to the seal- 
ing surfaces may result and oil leaks could 
develop. Instead, dislodge the oil pan with 
a large rubber mallet or a wood block and 
a hammer. The oil pan will come down only 
so far. Reach in between the engine and the 
oil pan and remove the two bolts and one 
nut securing the oil pump pickup tube, then 
remove the oil pickup with the oil pan. Note: 
The oil pan gasket is reusable if care is taken 
in oil pan removal. 


14.18 Place the gasket on the oil pan, the locating tabs (arrows) 
on each side of the gasket will keep the gasket aligned 
during installation 


14.13 Remove the bolts from around the perimeter of the 
oil pan (arrows indicate four) and lower the pan 
to the frame crossmember 
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14.17 Apply a bead of RTV sealant at the junctions of the front 
cover-to-engine block and the rear seal retainer-to-engine 


block (arrows) before installing the oil pan 


Installation 

Refer to illustrations 14.17 and 14.18 

15 Use a plastic gasket scraper or putty 
knife to remove all traces of old gasket mate- 
rial and sealant from the pan and engine 
block. Caution: Be careful not to gouge the 
oil pan or block, or oil leaks could develop 
later. 

16 Clean the mating surfaces with lacquer 
thinner or acetone. Make sure the bolt holes 
in the engine block are clean. 

17 Apply a bead of RTV sealant to the four 
corner seams where the rear seal retainer 
meets the engine block, and the front cover 
meets the engine block (see illustration). 

18 Carefully position the oil pan against the 
engine block and install the bolts finger tight. 
Make sure the gaskets haven't shifted, then 
tighten the bolts to the torque listed in this 
Chapter's Specifications (see illustration). 
Start at the center of the oil pan and work out 
toward the ends in a spiral pattern. 

19 The remaining steps are the reverse of 
removal. Caution: Don't forget to refill the 


engine with oil before starting it (see Chap- 
ter 1). 

20 Start the engine and check carefully for 
oil leaks at the oil pan. Drive the vehicle and 
check again. 


15 Oil pump - removal and 
installation 


Refer to illustrations 15.3, 15.5 and 15.6 
Note: Тһе oil pump is available as a com- 
plete replacement unit only. No service parts 
or repair specifications are available from the 
manufacturer. 


Removal 

1 Raise the vehicle and support it securely 
on jackstands. 

2  Drainthe engine oil (see Chapter 1). 

3 X Unbolt and lower the ой pan as described 
in Section 14. It's not necessary to completely 
remove the oil pan. Remove the two bolts 
that attach the oil pump pick-up tube to the oil 
pump (see illustration). 


15.3 Remove the two bolts (arrows) retaining the 
pickup tube to the oil pump : 


20-20 


4 Remove the timing chain cover, timing 
chains, chain guides and crankshaft sprock- 
ets (see Sections 6 and 7). 

5 Remove the four oil pump mounting bolts 
(see illustration) and separate the pump 
from the engine block. 


Installation 

6 Inspect the O-ring gasket on the pick- 
up tube (see illustration). If it's damaged, 
replace it. 

7 Install the oil pump to the engine and 
tighten the bolts to the torque listed in this 
Chapter's Specifications. Note: Prime the oil 
pump prior to installation. Pour clean oil into 
the pick-up port and turn the pump by hand. 

8 The remainder of installation is the 
reverse of removal procedure. 

9  Fillthe engine with the correct type and 
quantity of oil. Start the engine and check for 
leaks. 


16 Driveplate - removal and 
installation 


Removal 

Refer to illustration 16.4 

1  Disconnect the cable from the negative 
battery terminal. 

2  Raisethe vehicle and support it securely 
on jackstands. 

3  Referto Chapter 7 and remove the trans- 
mission. 

4 Look for factory paint marks that indi- 
cate driveplate-to-crankshaft alignment. If 
they aren't there, scribe or paint marks on the 
driveplate and crankshaft to ensure correct 
alignment during reassembly (see illustra- 
tion). 

5 Remove the bolts that secure the drive- 
plate to the crankshaft. Insert a screwdriver or 
punch through one of the holes in the drive- 
plate to keep the crankshaft from turning while 
loosening the driveplate bolts. 

6 Remove the driveplate from the crank- 


16.4 Make an alignment mark (arrow), if not already on the 
driveplate, to reassure proper reassembly 


15.5 Remove the four oil pump mounting 
bolts (arrows) and oil pump from the 
engine block 


shaft. Be sure to support it while removing the 
last bolt. Warning: The teeth on the driveplate 
may be sharp. Be sure to hold it with gloves 
or rags. After the driveplate is removed, there 
is a sheetmetal reinforcement/mounting plate 
that is located between the engine block and 
the driveplate. It doesn't need to be removed, 
unless necessary. 


Installation 

Refer to illustration 16.7 

7 If removed, be sure the reinforcement 
plate is installed as shown (see illustration), 
so it is correctly positioned for the starter 
installation. 

8 Clean and inspect the mating surfaces of 
the driveplate and the crankshaft. If the crank- 
shaft rear seal is leaking, replace it before rein- 
stalling the driveplate (see Section 17). 

9 Check for cracked, broken or missing 
ring gear teeth. If any of these conditions are 
found, replace the drivepiate. 

10 Install the driveplate to the engine, align- 
ing the marks made during removal. Note that 
some engines have an alignment dowel or 
staggered bolt holes to ensure correct instal- 
lation. Before installing the bolts, apply Teflon 
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P 
15.6 Before bolting the pickup tube back 


into the oil pump, inspect the O-ring 
(arrow) and replace it if necessary 


thread sealant to the threads. 

11 Prevent the driveplate from turning as 
you tighten the bolts to the torque listed in this 
Chapter's Specifications. 

12 The remainder of installation is the 
reverse of the removal procedure. 


17 Crankshaft oil seals - 
replacement 


Front seal 

Refer to illustrations 17.4 and 17.6 

1 Disconnect the negative battery cable. 

2 Remove the drivebelt (Chapter 1) and 
fan/shroud assembly (Chapter 3). 

3 Remove the crankshaft pulley (see Sec- 
tion 5). 

4 Carefully remove the seal from the cover 
with a seal removal tool (see illustration). If a 
seal removal tool is not available, carefully use 
a screwdriver. If the timing cover is removed, 
use a chisel or small punch and hammer to 
drive the seal out of the cover from the back 
side. Support the cover as close to the seal 
bore as possible with two wood blocks. Be 


16.7 If the reinforcement plate is removed, for any reason, it 
should be reinstalled in the direction shown here 


17.4 Using a special seal removal tool or 

screwdriver, remove the crankshaft front 

oil seal, being very careful not to scratch 
the crankshaft during seal removal 


careful not to damage the cover or scratch the 
wall of the seal bore. 

5 Check the seal bore and crankshaft, as 
well as the seal contact surface on the crank- 
shaft pulley for nicks and burrs. Position the 
new seal in the bore with the open end of the 
seal facing IN. A small amount of engine oil 
applied to the outer edge of the new seal will 
make installation easier. 

6 Drive the seal into the bore with a large 
socket and hammer until it’s completely 
seated (see illustration). If the cover is 
removed, support the cover on wood blocks. 
Select a socket that’s the same outside diam- 
eter as the seal (a section of pipe can be used 
if a socket isn't available). 

7 Lubricate the lip of the seal with clean 
engine oil and install the crankshaft pulley 
on the end of the crankshaft. The keyway in 
the crankshaft pulley bore must be aligned 
with the Woodruff key in the crankshaft nose. 
Note: Before reinstalling the crankshaft pul- 
ley, apply as small dab of RTV sealant to the 
front end of the crankshaft key groove. 

8 Ifthe crankshaft pulley can't be seated by 
hand, tap it into place with a soft-face hammer, 
or install the bolt and washer and tighten it to 
press the crankshaft pulley into place. 


17.16 Support the seal retainer on two 
wood blocks and drive out the old seal 
with a blunt punch and hammer 


17.6 There is special tool for installing the 
front oil seal into the timing chain cover, 
but if the tool is unavailable a large 
socket or section of tubing (the same 
diameter as the seal) can be used 
to drive the seal into place 


9 Tighten the crankshaft pulley bolt to the 
torque listed in this Chapter’s Specifications. 
10 Install the drivebelt. 

11 Install the remaining parts removed for 
access to the seal. 

12 Start the engine and check for leaks. 


Rear seal 

Refer to illustrations 17.15, 17.16, 17.17 

and 17.18 

13 Disconnect the cable from the negative 
battery terminal. Raise the vehicle and sup- 
port it securely on jackstands. Refer to Chap- 
ter 7 and remove the transmission. 

14 Remove the driveplate and the rear 
cover plate from the engine (Section 16). 

15 Remove the bolts, detach the seal 
retainer (see illustration) and clean off all the 
old gasket and/or sealant material from both 
the engine block and the seal retainer. 

16 Support the seal and retainer assembly 
on wood blocks and drive the old seal out 
from the back side with a punch and hammer 
(see illustration). 

17 Drive the new seal into the retainer with 
a wood block (see illustration). 


17.17 Support the seal retainer and drive 
the new seal into the housing with a wood 
block (be careful not to cock the seal in 
the bore while installing) 


17.15 Remove the eight bolts (arrows) 
and separate the seal retainer from 
the engine block 


18 Clean the crankshaft and seal bore with 
lacquer thinner or acetone. Check the seal 
contact surface on the crankshaft very care- 
fully for scratches or nicks that could dam- 
age the new seal lip and cause oil leaks (see 
illustration). If the crankshaft is damaged, 
the only alternative is a new or different crank- 
shaft. 

19 Lubricate the crankshaft seal journal and 
the lip of the new seal with engine oil. 

20 Place a 1/16-inch wide bead of anaero- 
bic sealant on either the engine block or the 
seal retainer. 

21 Install the oil seal retainer by slowly and 
carefully pushing the seal onto the crankshaft. 
The seal lip is stiff, so work it onto the crank- 
shaft with a smooth object such as the end of 
a socket extension as you push the retainer 
against the engine block. 

22 Install and tighten the retainer bolts to 
the torque listed in this Chapter's Specifica- 
tions. 

23 Reinstall the engine rear cover plate, 
driveplate and the transmission. 

24 Тһе remaining steps are the reverse of 
removal. 

25 Check the oil level and add if necessary, 
run the engine and check for oil leaks. 


17.18 Inspect the seal contact surface 
on the crankshaft (arrow) for signs of 
excessive wear or grooves 


20-22 


18 Engine mounts - check апа 
replacement 


Check 

Refer to illustration 18.4 

1 Engine mounts seldom require attention, 
but broken or deteriorated mounts should 
be replaced immediately or the added strain 
placed on the driveline components may 
cause damage or wear. 

2 During the check, the engine must be 
raised slightly to remove the weight froin 
the mounts. 

3' Raise the vehicle and support it securely 
on jackstands, then position a jack under 
the engine oil pan. Place a large wood block 
between the jack head and the oil pan, then 
carefully raise the engine just enough to take 
the weight off the mounts. 

4 Check the mounts to see if the rubber 
is cracked, hardened or separated from the 
metal plates (see illustration). Sometimes 
the rubber will split right down the center. 

5 Check for relative movement between 
the mount plates and the engine or frame 
(use a large screwdriver or pry bar to attempt 


- 


18.11 With the engine raised slightly, remove the mount through- 
bolt (upper arrow) - lower arrows indicate nuts to remove if the 


to move the mounts). If movement is noted, 
lower the engine and tighten the mount fas- 
teners. 

6 Rubber preservative should be applied 
to the mounts to slow deterioration. 


Replacement 

Refer to illustrations 18.11 and 18.12 

7 Disconnect the negative battery cable. 

8 Refer to Chapter 3 and remove the 
engine cooling fan assembly and shroud. 

9 Attach an engine support fixture to the 
engine lifting eyes adjacent to the exhaust 
manifolds. Note: Many equipment rental 
yards rent the engine support fixture. If a sup- 
port fixture isn't available, a floor jack and 
block of wood, positioned under the oil pan, 
can be used. 

10 Raise the vehicle and support it securely 
on jackstands. 

11 Take some of the weight off the engine 
mounts then remove the engine mount 
through-bolts (see illustration). 

12 Raise the engine a little at a time watch- 
ing for interference with any engine compart- 
ment components. When the engine is raised 
about two inches, remove the bolts retaining 


lower bracket is to be replaced 


“Ж” 22D 


ree bolts holding the mount to the block 
(arrows indicate two; there is one more at the 
other end of the mount) 


18.12 There are t 
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18.4 Inspect the engine mount 
components for cracked rubber 
insulators (arrow), missing bolts or 
cracked metal brackets 


the mount to the engine block (see illustra- 
tion). 

13 Installation is the reverse of removal. 
Tighten the bolts to the torque listed in this 
Chapter's Specifications. 


- 
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General engine overhaul procedures 
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Canko Secs: -siea EE EE eaea касос анза вани, 19 OilpPrESSUr C NECKE R. n ees... лы 2 
СУИС COMIPFESSION сһеск......................................................... 5) Gilipumobt- Inspection: ............... om NN CORDE 21 
Cylinder head - cleaning and їпзресїїоп........................................ 10 Bistoniringscinstallation;.-.-.———. НА 27 
Cylinder head - disassembly .................. esee: 9 Piston/connecting rod assembly - гето\уа!.................................... ІЗ 
Cylinder head - геазветЫу.......................................................... 24 Piston/connecting rod assembly - inspection ................................ 18 
СС ег ао ЕВО TREES 25 Piston/connecting гоа assembly - installation and rod 
Engine - removal and installation і.........2.2...2...0.40м0.2.. 7 bearing oil clearance сһескК................................................}у[у[ү 28 
Engineblock = С|еапїпа.............................--..-.........................›...... 16 Timing chain/sprockets or gears - wear checks (OHV engines).... 12 
PMG IMOMDIOCK = IMSPECUON.......:.....00savecacvecavsecosascoacoastedestabvatvessucres 17 Vacuum gauge diagnostic checks .................................... а.а... 4 
Engine overhaul - disassembly ѕедиепсе..................................... 8 Valve adjustment (4.9L, 5.01, 5.8L and 7.5L engines only)........... 29 
Engine overhaul - reassembly sequence ...................................... 22 Valve lifters and pushrods - inspection (OHV engines) ................. 11 
Engine rebuilding alternatives .................2.222...ммм.000.. 5 Malves:- Бете тое 23 
Engine removal - methods and ргесаийопз.................................. 6 
Specifications 


4.9L inline six-cylinder engine 


General 

Lon CRAB acoso о О И К УТИ УГУТ ГЛ ГЕ 
Б А ао ОРМ 
 ШНРТЕвЗІӘтртеззйге...:...................................................................... 
Oil pressure (at 2000 rpm, normal operating temperature) ..................... 


Engine block 

Cylinder bore 
Ив cece оО е 
Терк Й еен E АКЕ TRE ОЕК ЕНІ. 
ШЕСІ ӘНЕ eo EET CETTE CODO CL ISTIS 

Dori osi ta ЛАЙТ оо a 


Pistons and rings 
Piston diameter 
IO SACRE Cl ИИ оО А 
TEE AE о РИ 
Омат ама ооо ОСА 
Piston-to-cylinder bore clearance .....................ее cereo nnne nene 
Piston ring-to-groove side clearance 
Standard 


ЛМЕ... E 


Piston ring end gap 
TED ME) oree 422. 
ОПАО 
Oil ring 
mus TOUGH 19952... ннен ЖЕЛЕ ОсОО 


Piston pin diameter (standard) 
1992 through 1995....................010.022.1....1..2.204ҮТҮ9в.4 1.0.0.4 nnne 
FO Gee Seer к КЕРЕККЕ ОТЕ E тг 
Piston pin-to-piston clearance 
БУБЕПЕБОЛӘЛАР 222222222... ОООО БОСА ООО 
ШИВ... осо с 
Piston pin-to-connecting rod clearance ............................-. «е... 


300 cubic inches 

4.00 x 3.98 inches 

Lowest cylinder must be within 75-percent of highest cylinder 
40 to 60 psi 


4.000 to 4.0048 inches 

0.010 inch 

0.005 inch 

0.003 inch per 6 inches, or 0.006 inch overall 


3.9982 to 3.9988 inches 
3.9994 to 4.0000 inches 
0.003 inch 

0.0010 to 0.0018 inch 


0.0019 to 0.0036 inch 

0.002 to 0.004 inch 

Snug fit in groove 

0.002 inch maximum increase in clearance 


0.010 to 0.020 inch 
0.010 to 0.020 inch 


0.015 to 0.055 inch 
0.010 to 0.035 inch 


0.9749 to 0.9754 inch 
0.9754 to 0.9757 inch 


0.0002 to 0.0004 inch 
0.0003 to 0.0005 inch 
Interference fit 
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4.9L inline six-cylinder engine (continued) 
Crankshaft and connecting rods 


Main journal А 
[Юїагпе!ег..................... tne OR IE 2... 2.3982 to 2.3990 inches 
Таре то ууу a шатиш ипи ышто 0.0005 inch per inch 
Outsofsroundilimitseeee отет 0.0006 inch 
SITUE LEYES rt е 0.002 inch 
Main bearing oil clearance 
tme ET oe TENUES ECHTE EE Сс ТЕ Ін ODORE LO nOD орар 0.0008 to 0.0015 inch 
ато) [TU eere 222 E E 22 0.0028 inch 
Connecting rod journal 
[DTE TOTIS о оте DEED ае E 2.1228 to 2.1236 inches 
ETES ерни иннин ныны таны нысы DITE ATT 0.0006 inch per inch 
(utor round ИПИ 22-2 02222: 0.0006 inch 
Connecting rod bearing oil clearance 
Cete vite апа 222222220222 00 0.0008 to 0.0015 inch 
УЕА оаа о оаа ух ш оо ло ш ос 0.0024 inch 
Connecting rod side clearance 
айдаа Е 2 sc ccc КЕ с Кисеси зук 0000» 0.006 to 0.013 inch 
SeLVicen MT UN ЕТЕТТЕНІН ПСН 0.018 inch 
Crankshaft endplay 
YET EUG еее ны ИН а 0.004 to 0.008 inch 
зата E ое 0.012 іпсһ 
Camshaft 
Bearing journal 
ЕТТЕН ЕР несе е НЫН ы ЕНТ Ты 2.017 to 2.018 inches 
IOUT t RET ьо ваа ОАЕ ЕТЕ 0.008 inch max 
Bearing oil clearance 
SSCA] ЕТІ. зекет ne НТ Ты 0.001 to 0.003 inch 
SE Rvs ЕСИ ITI NER НА 0.006 inch 
Lobe lift 
Ішаке еони 7 Сы 2 EE 0.249 іпсһ 
Exhaust EP. ИЙНИ IE 0.249 inch 
[БАЙ ОЙЛЫ ооо л ННІ rase voe vec soe e PERO TS ОГ 0.008 inch 
Endplay 
апааа ИШ... И әзизтиш а ыен CDS 0.001 to 0.007 inch 
се СО О a E олы Т” 0.009 inch 
Cam gear-to-crankshaft gear backlash ................................................... 0.004 to 0.100 inch 
Cam gear runout limit (аззветШПіес))............2..........2.Ү444...4... 0.005 inch 
Crankshaft gear runout limit (assembled).................................. ЕЕЕ. 0.005 inch 
Cylinder head and valve train 
шева тарада Ши лос ло лола И осты 0.003 іпсһ рег 6 іпсһев ог 0.006 іп омега!! 
Ма|Уё 58а! апо!Ө...... шиизат анаа анна 45-degrees 
Valve seat width 
[RE A аа ы Ты 0.060 to 0.080 inch 
ЕХПӘШ5 ee EN 0.070 to 0.090 inch 
Уауезеа ипотека Т ESOS 0.002 inch 
Уамеласиаплер Ж л оул ENERO 44-degrees 
Маме [асб ШПОШ ШИП, оо 0.002 inch 
WalVelmarcginiwid ero ана ат ЕСЕН ЕН ЕНЕ НТ eee 1/32 inch minimum 
Valve stem diameter - standard 
[кс т Ны сы UID а сааи 0.3416 to 0.3423 inch 
ЕДЕН НГ ОГЛ sate Den cana RD 0.3416 to 0.3423 inch 
Valve guide diameter 
шӘкөретее A AE ы 0.3433 to 0.3443 inch 
Ехпац е ата-ана ОКЫ. | г 0.3433 іо 0.3443 іпсһ 
Valve stem-to-guide clearance 
Intake 
сапатта с...» НИНА 0.0010 to 0.0027 inch 
ӨТСӨ ЇЇ... чн noe rit eoo ie ОШООО К СО ООА 0.0055 inch 

Exhaust 
Standard a талына ЗИЯ 0.0010 to 0.0027 inch 
SERVICE) ІН... 0.0055 іпсһ 

Valve spring free length 
WALA Елин оосо 1.96 inches 
Ехһацар ала зна E O EE васы ТТ 1.78 inches 

Valve spring installed height 
ІШЕ... 1.61 to 1.67 inches 
Exhaust 


ТН ТН ore ааа 1.44 to 1.50 inches 
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Valve spring out-of-square Іітшй............022Д2ДГ2.Д2Д....00000. 0.078 inch 
Valve clearance icettapsm lifter Jap). incon td 0.125 to 0.175 inch 
Lifter ll eh И 0.8740 to 0.8745 inch 
БЕТКЕ -кəк................................................................. 0.8752 to 0.8767 inch 
_ Lifter-to-bore clearance 
ИРИС ances К OR 0.0007 to 0.0027 inch 
SE NU CODO ООРТ 0.005 inch 
Cul nl E 0.015 inch 
Oil pump 
Outer race-to-housing clearance .............2...2.2.2.2.....2..000200011... 0.001 to 0.013 inch 
Rotor assembly end сїеагапсе.............................................................у. 0.004 inch max 
[КӨГӨН РЕШЕ @Гайбе „огноо... cotone nece retener tenen enis 0.012 inch max 
Driveshaft-to-housing bearing сїеагапсе................................................. 0.0015 to 0.0030 inch 
БЕШ ДӘ Уе Clearance a... кюе... же................................................ 0.0015 to 0.0030 inch 
Torque specifications* Ft-lbs 
ан ала ке ле... 40 to 45 
De IMEC AD OMS occas cae REND аан 60 to 70 


"Note: Refer to Chapter 2A for additional torque specifications 


4.2L V6 engine 
General 
соо SIN а... 4.2 liters (256 cubic inches) 
2,75, оСлїс) S1U cc) M ———————— 3.81 x 3.74 inches 
О отертебоіоні рте ите. .............„ ега аана, retorno ессе мы енеке Lowest cylinder must be within 75-percent of highest cylinder 
Oil pressure (at 2000 rpm, normal operating temperature) ..................... 40 to 60 psi 
Engine block 
Cylinder bore 
E FOREN ecce РИ алал, 3.8139 inches 
HC Meer. tee eese 0.002 inch 
СҮРӨ [TR ERECTO ERSTELLT 0.002 inch 
Cmdm e 0.003 inch per 6 inches, or 0.006 inch overall 
Valves and related components 
оосо сое ОЗЕ есу; тесе гана ЕТЕ beheben eig 44.5-degrees 
соо по rc ТЕ EMINUS eI oe cipes eeiam E 0.060 to 0.080 inch 
сь АУЕ М ТОТ То о Доо ОИ 1/32 inch 
Stem diameter 
Through 2002 
ШЕН ЕР Ене И О ККК ОКЕ О ОК УУТ Not available 
EX raus тке асасы с сон cee ООС ОТ ее 0.3418 to 0.3410 inch 
2003 
ЕЕЗЕСТ ЛТ о ү К ГО ae eee 0.2738 to 0.2751 inch 
уол. RORIS CIE 0.2728 to 0.2741 inch 
Stem-to-guide clearance 
fee ох ТТЛ УЛ К О ОК Г өте 0.0008 to 0.0027 inch 
Exhaust..........-.- ОО с ОЕ 0.0018 і 0.0037 іпсһ 
Valve spring 
(Fire [ӘТ Шека з ОШОО ОТКО КО О 1.99 inches 
к= ШӘ ТУУУ ОУУ О О О ООО О 1.566 to 1.637 inches 


Valve lifter 


Lifter-to-bore clearance 
GUS ETS ТЕР Т лл ООО eee 0.0007 to 0.0027 inch 


Cerise Rn eee ce ettet amen heme С rset УУЛОО Г 0.005 inch 


Crankshaft and connecting rods 
Connecting rod journal 


AON ALAR Le een ease case nes reac E 2.3103 to 2.3111 inches 

Оаа) ПОТА зоо С 0.0012 inch 

 — —————— ООС О ЕЦЕ 0.0006 inch рег inch 

Bearing ой сіеагапсе....................0.1.2000..00.2000070..02..9Ь-00 16 6 ее е ене ы. 0.0010 to 0.0027 inch 
Connecting rod side clearance (endplay)..................... en 0.0047 to 0.0193 inch 
Main bearing journal | 

ГЕТЕ Т ОО СОО 2.5190 to 2.5198 inches 

СШ эое ОО ЫШ 0.0012 inch 

БЕШТУ О КОО О кекс е еее 0.0006 inch per inch 
Main bearing oil сівагапсе...........................2.2.0(.4.ҮҠ) Ү|-. 005486 еее ке кеннен. 0.0010 to 0.0025 inch 
Crankshaft endplay...............-..... «eene ete eren tnnt 4. е нет. 0.00003 to 0.00787 inch 


* Note: Тһе crankshaft journals can't be machined more than 0.010 inch under the standard dimension. 
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4.2L V6 engine (continued) 
Pistons and rings 


БІНЕСЕ TOI КИЕ A DERE RET ооо 3.810 inches | 
Piston-to-bore clearance Іті............................... «аеннан 0.0007 to 0.0017 inch 
Piston ring end gap | 
Тор compression гіпд............................1......,өаөкех екен еке кек кенен tnra 0.009 іо 0.016 inch 
Second compression гїпд........................әнниенн ener 0.039 to 0.064 inch 
СТЫ 22-2... 75 0.0059 to 0.0064 inch 
Piston ring side clearance ..........................1.21. өл еке nnn 0.0012 to 0.0031 inch 
Torque specifications* Ft-Ibs (unless otherwise indicated) 
Main bearing cap stud/bolts 
Сер ОО ШЕ 2. 7.2.2 37 " 
SLD EZ eee тет s ас Rotate an additional 120 degrees 
Connecting rod cap nuts 
© ер ООЛУ ООЛО Л уох ууз у ШШ. 29 | 
лермен Оо Rotate an additional 90 degrees 


*Note: Refer to Chapter 2B for additional torque specifications. 


5.0L and 5.8L V8 engines 


General 
Displacement 
Ом E сызыл аралы иы ни а ООО 302 cu. in. 
UDIN n НЫ LL I eee 351 cu. in. 
Bore and stroke 
СӘ, сессевессквосесе де енен е 4.00 x 3.00 inches 
^ BS eee RMN Ec ЕЕЕ А КНП 4.00 x 3.50 inches 
Compression pressure ...............:...:. Ы Т ЕС Lowest cylinder must be at least 75-percent of highest cylinder 
Oil pressure (at 2000 rpm, normal operating temperature) 
БОЇ. ооа оаа о ы Т 40 to 60 psi 
БӨС... ane ОРТОС РАТИ 40 to 65 psi 
Engine block 
Cylinder bore 
Diameter 
SOIL ua ессе ene Оу: СЕНТ” 4.0000 to 4.0012 inches 
Бата о о tetra Eee Cero О 4.0000 іо 4.0048 іпсһез 
Парето CAES аараан анана аа 0.010 inch 
ШОЕ ТОТА ИТТЕ Е... оен НЕ 0.005 іпсһ 
еск аграде е Не 0.003 inch рег 6 inch or 0.006 inch overall 


Pistons and rings 
Piston diameter 


5.0L 
Coded red 
NS ati OUCH GOD ишаа-и. ТОЛО С О ОООО 3.9989 to 3.9995 inches 
TERE Нн ЕН ТТТ caste 3.9987 to 3.9993 inches 
Coded blue 
ето Та E EET ETE ee ee 4.0001 to 4.0007 inches 
ERIS зен ек на С Шуу к ОО О 3.9999 to 4.0005 inches 
5.8L 
OC QOS eae ыш бс ТЕС 3.9978 to 3.9984 inches 
Coded blue 
OO PaNOUGIM ЭЭБ СТС ОСОНИ 3.9990 їо 3.9996 іпсһев 
ПОСИ: асое ecce Not available 
Oversizesiavallable к ЖЕ Шашу. ЕЕ 0.003 inch 
Piston-to-bore clearance 
Ө ОЕ ЕКОО. ги. Жс ЕИН 0.0014 to 0.0022 inch 
DEOL eee M I PEU А 0.0015 to 0.0023 inch 


Piston ring-to-groove clearance 
Top and bottom compression 


О Qi а, анан Ны БЕТТ ЕНЕ 0.0013 to 0.0033 inch ` 
| ОЗІНЕ Ше EU RERO n aH eee eee 0.0020 to 0.0040 inch 
(oj vay — —— ыи ы иа ERE ss Snug fit in groove 
Service limit (compression rings опу).....................................2.›‚--... 0.002 inch max increase in clearance 


Piston ring end gap 
Top:compression:.....-.-.. x Ж ИННА 0.010 to 0.020 inch 
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—-—-—-—-—-:-——-—-—-—-—-—-—-:-=-——-—-—-——-=-:—-—---—:-: :-—--:-— SSS SSS SSS SS SSS Se SSeS 


Bottom compression 


Piston pin diameter (standard) 
Piston pin-to-piston clearance 
5.0L 


Crankshaft and connecting rods 
Main bearing journal 
Diameter 


ПОРЕ mee e a 
a 


Main bearing oil clearance 
АО. амен ыы Тым” 


Connecting rod journal 
Diameter 


Паре т тах ревіпен...„аа еее» ................................... 
(QUILT CGU, :::..................:...................................................... 


эне кен ЖЖК 2 DECORE CETT PETER 

РГ С ОЕТ 
Connecting rod side clearance 

Е Е, NE LEST АТИК КОКК ОКК ТОСКО СТ 


Crankshaft endplay 
Penne Tarun Rel rn он E E К К ОК 
АЛАА СОА 


Camshaft 
Bearing journal diameter 
5.0L 


Bearing oil clearance 
НЕН kee es 5) selec sa voces КГС 
БРЕСТ Ее сы 2-22-22. 
Епар!ау 
БЗНЕЕКСЕРК Т... 0 
ауто) ТЇ тат К ОО КОО ОО 
Timing chain deflection limit .....................0.ә.а.л..40м4м00 e 


Cylinder heads and valve train 

ЗЕНЕ ТЕ ЕДЕН. ҙҙҙ204007//.2 
Valve seat angle .................2.1.22м11.120...1......4Т3» |М 1.16 И0и е кене не еке не ны 
БЕВАИ 
Ope SBT E E 
Valve face angle .................. eene еее... 
о аа ПАШ ПАТ E ооо 
Valve margin width і........................20.00.12.200Т.Ү094 44.00.4044. е еее кеткеннен 
Valve stem diameter 


0.018 to 0.028 inch 
0.010 to 0.020 inch 
0.010 to 0.040 inch 
0.9119 to 0.9124 inch 


0.0002 to 0.0004 inch 
0.0003 to 0.0005 inch 
Interference fit 


2.2482 to 2.2490 inches 
2.9994 to 3.0002 inches 
0.0005 inch 

0.0006 inch 

0.002 inch 

0.005 inch 


0.0004 to 0.0015 inch 
0.0004 to 0.0021 inch 


2.1228 to 2.1236 inches 
2.3103 to 2.3111 inches 
0.0006 inch 
0.0006 inch 


0.0007 to 0.0024 inch 
0.0008 to 0.0025 inch 


0.010 to 0.020 inch 
0.023 inch 


0.004 to 0.008 inch 
0.012 inch 


2.0805 to 2.0815 inches 
2.0655 to 2.0665 inches 
2.0505 to 2.0515 inches 
2.0355 to 2.0365 inches 
2.0205 to 2.0215 inches 


2.0815 inches 
2.0665 inches 
2.0515 inches 
2.0365 inches 
2.0215 inches 


0.001 to 0.003 inch 
0.006 inch 


0.001 to 0.007 inch 
0.009 inch 
1/2 inch 


0.003 inch per 6 inches or 0.006 inch total 
45-degrees 

0.060 to 0.080 inch 

0.002 inch 

44-degrees 

0.002 inch 

1/32 inch min. 


0.3415 to 0.3423 inch 
0.3410 to 0.3418 inch 
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5.01 and 5.8L V8 engines (continued) 
Cylinder heads and valve train (continued) 


Valve guide diameter .....................2.....1..418.2Р..4..4..44( ее ее еее көк не кек енен 0.3433 to 0.3443 inch 
Valve stem-to-guide clearance 
Intake Р 
сапда БИНИИ ТЕН стана 0.0010 to 0.0027 inch 
Setter THIRD TERT отоого оо 0.0055 inch 
Exhaust 
алсак 222222 ас 0.0015 0.0032 іпсһ 
ӘНМЕН 2-22... 2.4Ә9 0.0055 іпсһ 
Vaive spring free length 
ІШКЕ О 772-2201 2.06 inches 
Exhaust eL DE а 1.88 inches 
Valve spring installed height 
ІНЕН ыла ке ЕЗ Ты 1.75 to 1.81 inches 
[ERE EET КОО ОО ООО. И мда: 5 ЫЫЫ 1.58 to 1.64 inches 
Valve spring out-of-square Ііті.....................................өө көбее кек өзеннен 0.078 inch 
Valve clearance (collapsed lifter gap) 
ЕЙ [ie cece ексе ан T E 0 нет 0.091 to 0.151 inch 
5.8L 
TEER e [m] ОЗА ы... 0.123 to 0.172 inch 
185 оао НЕНИ ЕТ 0.091 іо 0.151 іпсһ 
ІШЕР ЕШТЕН бсо охх ОН ИНТ а 0.8740 to 0.8745 inch 
е роге тате е еее ноне белен 5 0.8752 to 0.8767 inch 
Lifter-to-bore clearance 
See ANC ЕЕРЕЕ уузу ыенен и.т 2-5 0.0007 to 0.0027 inch 
Саа ПБ ы cee mer me ООУ seni EIER CL ET 0.005 inch 
US MNOGUMUMOUlta ЙЕ. е 0.015 inch 
Oil pump 
Outer race-to-housing clearance 
ОШО КН ТН К Ы ОМЕТА, 7... 0.001 to 0.013 inch 
sia lierre е та ВИНИТИ ааа E E 0.001 to 0.003 inch 
рогомавсегиріметбе/сівагапсе?............--.-2.2.-..29.22.с 2 00 0.004 іпсһ тах 
Боор сеагайсв А ЕНТ” 0.012 inch max 
Driveshaft-to-housing сїеагапсе................................-.......................... 0.0015 to 0.0030 inch 
Torque specifications* Ft-lbs 
Connecting rod cap nuts 
ДІ. әзер ИЕН ИНАН ы 19 to 24 
Әса оо ТТТ“ 40 to 45 
Main bearing cap bolts 
СЫНЫ, sc t p ПРЕ 60 їо 70 
Selber EDIDIT DTI I noe 95 to 105 
*Note: Refer to Chapter 2C for additional torque specifications. 
7.5L V8 engines 
General 
PIS DIAC EIEN recor A E ын UD POE CONTE 460 cu. in. 
BOLBrangdist (OK GNE АО 4.36 x 3.85 inches 
© OMPLESSIOMPNES SUNG sor sce «o rere estere е Lowest cylinder must be at least 75-percent of highest cylinder 
Oil pressure (at 2000 rpm, normal operating temperature) ..................... 40 to 88 psi 
Engine block 
Cylinder bore 
ОДЕ ыза аа e AAEE аа. 4.3600 to 4.3636 inches 
Парето ы re e азун нз ot ere o 0.010 inch 
Out-of-round 
WERSI ууз... о E N A одо 0.0015 inch 
Sario MN oon eee е 0.0050 inch 
ПӘС АРА ИШИ о нен Шу. ат A 0.003 inch рег 6 inches or 0.006 inch overall 


Pistons and rings 
Piston diameter 


Coded red 
1992 HIM 1994 annae treni coru eese ИИ 4.3577 to 4.3583 inches 
1995`ап41996 p Др. 4.3585 to 4.3595 inches 
Coded blue 
ТИН Е 4.3589 to 4.3595 inches 
995; апа 1998 OO E a 4.3595 to 4.3605 inches 


Oversizes ауайзБІӨ-.......Ӛ M Т 0.003 inch 
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Piston-to-bore clearance 
1992 through 1994 
ILU UU. ОГ А 

Piston ring-to-groove clearance 
Compression - top and bottom 

1992 through 1994 
1995 and 1996 


Piston ring end gap 
Compression - top and Бойот: к...н... 
Cil 
Piston pin diameter (standard) 
1992 through 1994 
TERENRUT СЕ ОНС РРР ИТА 
Бісіспіріп-ісарізіәлісібагапсеб...................................................»%52555.ə өл 
Piston pin-to-connecting rod bushing сЇеагапсе...................................... 


Crankshaft and connecting rods 

Main journal 
ЕШТЕ СИ УКО ы ы СН an 
ТЕГ ше ЕТ Уы 
Ойы Әтеш ү ыы” 
Runout limit 


Main bearing oil clearance 
1992 through 1994 
ашау оао once soc ce тыу TITO TITO UD зы. 


1995 and 1996 
Standard 


Connecting rod journal 
BGR неке comes ME UE Rent E 
aspe cr at ШЕРТ 2 000000 
С-ы TI] ЇЇ е асы қ-а 
Connecting rod bearing oil clearance 
ID ED oe ННІ ОО ОС Г 
CIE att as ССС шын рн 
Connecting rod side clearance 
етае! E 1.2204 
КО ОНЕР шаша Ийад ашшы ыз бл: 
Crankshaft епар!ау 
£S Er LE Bo o кн кам а ОС К ККК 
Gyectem Б E 


Camshaft 
Ecumalicmaltdtametern(ally ео 
Bearing oil clearance 
ЕЕ, sococcaneragitche E TTD T TO REET RE КОЛО ООС Sonicare 
SSO: LEFT ocala рл ол ы ынша ОСОО ОООО 
Епар!ау 
БШ Ла ооа OO EEUU DR TETTE ECCL ULLUS 
КОО ШО О И E е 
Timing chain deflection limit .....................2.1....2а.22.241.Т(:Т.---ұ рр. 


Cylinder heads and valve train 

` Head warpage limit..................... erre 
Valve seat angle .........................221.1...4Һ41:4...4.... |). nennen nnne nennen nnns 
Омер КУК СО ТОККО ОО ы: 
SAV ORS CE а ees. 2-............ 
Valve face апо!е...........................................-... езеннен енен 
Мао о О 
Valve margin width ............... eere nnne nennen ере еее. 
ЭРЕКЕТІ EU 
Valve guide йїате!ег.....................‚өееенееееееее ененнен 


0.0022 to 0.0030 inch 
0.0014 to 0.0022 inch 


0.0025 to 0.0045 inch 

0.0012 to 0.0022 inch 

Snug fit in groove 

0.002 inch max increase in clearance 


0.010 to 0.020 inch 
0.010 to 0.035 inch 


1.0398 to 1.0403 inches 
1.0401 to 1.0406 inches 
0.0002 to 0.0005 inch 
Interference fit 


2.9994 to 3.0002 inches 
0.0005 inch 
0.0006 inch 


0.002 inch 
0.005 inch 


0.0008 to 0.0015 inch 
0.0008 to 0.0026 inch 


0.0004 to 0.0022 inch 
0.0009 to 0.0027 inch 
0.0004 to 0.0027 inch 


2.4992 to 2.5000 inches 
0.0006 inch 
0.0006 inch 


0.0008 to 0.0015 inch 
0.0008 to 0.0025 inch 


0.010 to 0.020 inch 
0.023 inch 


0.004 to 0.008 inch 
0.012 inch 


2.1238 to 2.1248 inches 


0.001 to 0.003 inch 
0.006 inch 


0.001 to 0.006 inch 
0.009 inch 
0.500 inch 


0.003 inch per 6 inches or 0.006 inch overall 
45-degrees 

0.060 to 0.080 inch 

0.002 inch 

44-degrees 

0.002 inch 

1/32 inch 

0.3415 to 0.3423 inch 

0.3433 to 0.3443 inch 
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7.5L V8 engines (continued) 
Cylinder heads and valve train (continued) 
Valve stem-to-guide clearance 


тапаар ооа 0.0010 to 0.0027 inch 
о Р В аек narcececnóeorcconororer 0.0055 inch 
Valve spring free length і.......................210.... өл ыла келеке кекете енен ннен, 2.06 inches 
Valve spring installed height і 
1992 through 1994 M ———Ó 1.77 to 1.82 inches 
ODS tama OOO secre reet Det IRE Eas 1.78 to 1.84 inches 
Valve spring out-of-square limit ................... eene 0.078 inch 
Vale clearance (collapsed lifter gap) 
PN Wall лы herren SUE DO 0.075 to 0.175 inch 
Бес ПЕС Е ОО СК UO DOLEH uc O O 0.100 to 0.150 inch 
шетен EE E OEC UU SS 0.8740 to 0.8745 inch 
lifter bore diameter... ә... intra cua yea a Y Ере часы: 0.8752 to 0.8767 inch 
Lifter-to-bore clearance 
сараа ИрИ ЕЕ 0.0007 to 0.0027 inch 
Semea ра тоо он O ЕЕ 0.005 inch 
Burshrodirunoublimibe ouest reete IE ES 0.015 inch 
Oil pump 
Outer race-to-housing clearance ..................... eese 0.001 to 0.013 inch 
Rotor assembly end ClearanCe 2.5: е-е ененин еее 0.004 inch max 
FROLO EPIC еагапсейк к ел TA 0.012 inch max 
Driveshaft-to-housing clearance.................... eese 0.0015 to 0.0030 inch 
Torque specifications* Ft-Ibs 
(СӨЙЛИ ШӨ] ТЄШ) ШЇ ОКК ОКК КК OE еа 41 to 50 
Маш һреаппа!сар Бої :........-....-.-. =. ане 95 їо 105 


*Note: Refer to Chapter 2C for additional torque specifications 


4.6L and 5.4L V8 engines 


General 
Displacement 
А ОЕ ОНЕ оао reat TET 4.6 liters (281 cubic inches) 
SEAL ЛТ ІЛ тт 5.4 liters (329 cubic inches) 
Bore and stroke 
ЫЗ ЫЗ rece re EROTIC 3.554 Х 3.546 inches 
БАДИРЕК дип Арни БЫА O угы ЖКК 3.554 Х 4.168 іпсһев 
ШОШО О5ӘОП!рГӨ85$(@ГӨ`........ ае оо Lowest cylinder must be at least 15-percent of highest cylinder 


(100 psi minimum) 


СЫЗЫ a ООЛО ОО... хоо ier 20 to 45 psi 
БТ AR EE Ur ы. 40 to 70 psi 
Engine block 
Суішаейрогекпатетер......................................22..22.2...2- ө.ж... 3.554 inches 
Out-of-round 
SSCA ACh Жуз... онат сат 0.0006 іпсһ 
Бете ШД е-е ан 0.0008 іпсһ 
ТЕЗ кес он ЕРНІ ОЕ Pes recone 0.0002 inch maximum 
рескхмаграбейітті:;;.;;.-- сснин teer COTTON 0.003 inch per 6 inch ог 0.006 inch overall 


Valves and related components 
Valve arrangement (front-to-rear) 


Eerreylingerhigade eme TN E-I-E-I-E-I-E-I 
FRI MRC YMG EAD) ene eee І-Е-І-Е-І-Е-І-Е 
Intake valve 
Ѕвакапаіе АНЕ 45 дедгееѕ 
sao (— НА 0.0512 to 0.0591 inch 
ЭЕЕШІМПӘШІТІР;;.. 42.2... Дл ашы ERE EEG 0.0010 inch maximum (total indicator reading) 
Stem diameter (standard) ы 
Models through 2000:...:;......).......Ӛ Қ иннаа Е 0.2746 to 0.2750 inch 
20О апа лы ce 0.2746 {о 0.2754 іпсһ 
Valve stem-to-guide с!еагапсе..............................................уу[ү 0.0008 to 0.0027 inch 
Маме TACO? апо!ё.... NEM IC o Re 45.5 degrees 


Valve taco топот n IT 0.002 inch maximum 
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Exhaust valve 
Seat angle 
Seat width 


Stem diameter (standard) 
Models threugbi Б ШЫ mr nean a e .................... 
GAMES EGRE TNNT ИННИИ, ONERE 
Valve stem-to-guide clearance 
DM атанды...“ рс... е oreet etse Л... 
Valve face runout limit 
Valve spring 
Free length 


5.4L 
ива ЗОО А А. 02222... 
ООО ааа е БИТ... она 
оаа ей TIT spoon... SM. cose siz eec eere rennen 
Installed height 
Models b? 00/1 o... MP Ies Leere rete eter 
AOR ATI CIN ALG pesca senses ТП” 
Pressure, intake and exhaust 
4.6L 
Маарекенин сае 
WEIN: есе ры. о а ааа, 
5.4L 
Models through 2001 
Маер. нк. темен E а. 
Мәімейсіссес::.;;;......əӛ.əӛ.. Ме Н... Б... e 
2002 and later 
NOES NES 1612 ere econ Icon ice ea ei cee 
Кае РЕ анаа наана 
Valve spring pressure service Ііті.............м..0222м201....0əƏ, 
Hydraulic lash adjuster 
Diameter (standard) 
MESE GUI t —X————— 
айра И Ы Не 
Lifter-to-bore clearance 
СИС ЕСЕ енен ст т т ONORE ar a n 
есе инет... К УЛ Г СГ 
Coliapseditappetigap -desired........ errem 
Rocker arm ratio (roller cam ѓїоПомегѕ).............................................. 


Crankshaft and connecting rods 


Crankshaft 
Endplay 


Runout to rear face of block (ѕќапаага).............................................. 
Connecting rods 
Connecting rod journal 
Diameter 
MEESE ООЛ ане 
ООО суус) (Есу о тА 
Bearing oil clearance 
ІСЕР E r E не 
E ———————— m — RAE 
Connecting rod side clearance (endplay) 
Standard 


Зай ЛЛ ГГ УКОЛ ОЕ ОО 
Main bearing journal 
Diameter 
4.6L 
hers reds O OL ОО К утара уаз ШИ: 
2002 through 2008 .......................ә з е;ееенееенееее нен 
ш нн О О ОО ООО 
5.4L 
МОАБИТ анан, 
NE ДАШ! Гунн нн T айкын сийе сы наал каныны Ее 
Bearing oil сіеагапсе...........................-... «а-нан 


45 degrees 
0.0748 to 0.0827 inch 
0.0010 inch maximum (total indicator reading) 


0.2740 to 0.2736 inch 
0.2736 to 0.2744 inch 
0.0018 to 0.0037 inch 
45.5 degrees 

0.0020 inch maximum 


1.951 inches 


1.078 inches 
2.100 inches 
2 degrees maximum 


1.576 inches 
1.677 inches 


132 Ibs at 1.104 inches 
55 Ibs at 1.576 inches 


142 to 157 Ibs at 1.104 inches 
61 to 68 Ibs at 1.576 inches 


170.8 Ibs at 1.133 inches 
67.9 Ibs at 1.675 inches 
10 percent pressure loss at 1.104 inches 


0.6299 to 0.6304 inch 
0.6295 to 0.6299 inch 


0.0007 to 0.0027 inch 
0.0006 inch maximum 
0.0033 to 0.0177 inch 
temo 


0.0051 to 0.012 inch 
0.0029 to 0.0148 inch 
0.002 inch 


2.0877 to 2.0883 inches 
2.0859 to 2.0867 inches 


0.0011 to 0.0027 inch 
0.0010 to 0.0025 inch 


0.0006 to 0.0177 inch 
0.0049 to 0.0187 inch 
0.0197 inch 


2.656 to 2.657 inch 
2.480 inch 
2.650 inch 


2.658 to 2.659 inch 
2.657 to 2.658 inch 
0.0011 to 0.0027 inch 
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4.6L and 5.4L V8 engines (continued) 


Pistons and rings 
Piston diameter, 4.6L 


ойе гей ИЕ не, EE 3.5500 to 3.5510 inches 
Coded DUS ere оона Ее 3.5507 to 3.5515 inches 
Coded yellOW зас ЕРЕТІН ее 3.5513 to 3.5521 inches 
Piston diameter, 5.4L 
О 222... олы т 3.5488 to 3.5502 inches 
Соает еа 3.5502 to 3.5506 inches 
одеа Уе 2222.22.22... ........... 2. өле. 3.5506 to 3.5510 inches 
Piston-to-bore clearance limit 
ҚЫН ЕН АТТ НТ езен алт 0.0005 to 0.0012 inch 
РОТИ ААТА Соро лусу 0.0002 to 0.0012 inch 
Piston ring end gap 
4.6L 
(SO pressionifilidSres та 0.010 to 0.020 inch 
ОЛОВ И RIEN. 0.006 to 0.026 inch 
5.4L 
ITODICOmpDIeSSIOR) liie eerie ERE T 0.005 to 0.011 inch 
SECONGICOMPIESSION NNO СЕТ 0.010 to 0.016 inch 
(© eser Н 0.006 to 0.026 inch 
Piston ring side clearance 
(ompressioniring (ор) is: sccscocccocsncsessecstvsccssseccsseccetertetecertty-cressecsestaees 0.0016 to 0.0031 inch 
COMPRESSIONMIMIMNG (SOGOMG) 2..-2ecesscsvassecsencsscedasascanscttcucestessvtscsvcessecesses 0.0012 to 0.0031 inch 
ТІЛМЕН) i mibi e е eere sesvececvecetssstivseaestdanccevcesscorrsscesccecneses 0.006 inch maximum 
ОШО beso TED ННІ E T тае італ наее Snug fit 
Torque specifications* ` Ft-ibs (unless otherwise indicated) 


Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 foot-pounds аге 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 
Main bearing cap bolts (tighten first) 


Егер тете ет ОО О А.А. Чо СОНА: 30 
ЭЕСӘПС Теріге: 222 T Rotate an additional 90-degrees 
Main bearing cap - jack screws (REP engines only, tighten second) 
БІГ Бө corre cette ser О КО О КОКУ хозур E 44 inch Ibs 
SCONCES ер оО ОООО: 89 inch Ibs 
Main bearing cap - side bolts (tighten third) 
REP engines 
EirStistep = M o CER КИК. 89 in-Ibs 
SE COMGESIOP ares ЕЕ ТОСТИНИНИУ. 15 
WEP engines 
EirSUStOp К... entre at cers coe me a о Ыы 22 
Бесопае ер а аа Rotate an additional 90-degrees 
Connecting rod cap bolts 
FISES e eese ESI ЖТ С” 32 
SECONGISUS Pierce шеш ози E ОООО ОСОО Rotate an additional 105-degrees 
* Note: Refer to Chapter 2D for additional torque specifications. 
6.8L V10 engines 
General 
DisplaCemoent: ......... eene IDIOT eee ee 6.8 liters (415 cubic inches) 
Bore and stroke ылы бл енсе у сыа сз з EC з eee 3.554 Х 4.168 inches 
(csompressionIpressure т. 2-22... Lowest cylinder must be at least 15-percent of highest cylinder 
(100 psi minimum) 
Oil pressure (at 1500 rpm, normal operating temperature) ..................... 40 to 70 psi 
Engine block 
Cylinder bore diameter 
е шли нна шннен. ira ано 3.5512 to 3.5540 inches 
ЕТЕ ТАН... 3.5516 to 3.5544 inches 
өт ТТТ... 3.5520 to 3.5548 inches 
Out-of-round 
Stara кН Кы ы Ж-ға... 0.0004 іпсһ 
Service; li mites erre seti ИНИ 0.0008 inch 
Тары: ОИНИ 0.0002 inch maximum 
Deck WAN AGS ПИП ыша тизме: te irre oorr p EO 0.003 inch per 6 inch or 0.006 inch overall 


Valves and related components 
Intake valve 


cep pee T ESL ene 45 degrees 
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Seat width 
Models ПОС ООА oes ооа... Ser... e 0.0748 to 0.0827 inch 
MOE ONE Cte cotto MN RUN 0.0518 to 0.0591 inch 
She ii, РНН 0.0010 inch maximum (total indicator reading) 
Stem diameter (SA dard)... ecouter oett tenuerat оканне аб eret ase 0.2748 to 0.2756 inch 
Valve stem-to-guide с!еагапсе........................................................... 0.0008 to 0.0027 inch 
Vu. асе ПЕСО 45.5 degrees 
MSc |) ene 0.002 inch maximum 
Exhaust valve 
қары I a ora QNM 45 degrees 
Seat width 
volgen aging) 1) 7-010” — 0.0748 to 0.0827 inch 
о оноо Е cH неная 0.0510 to 0.0591 inch 
ва УЫ ИЕ 0.0010 inch maximum (total indicator reading) 
Stem аатееп(5!апаага)................................................................... 0.2738 to 0.2746 inch 
Valve stem-to-guide clearance... 0.0018 to 0.0037 inch 
СНА 45.5 degrees 
МамжеизасештівошЕйіті:.....................................................-..6:.2:5-ө аа 0.002 іпсһ тахітит 
Valve spring 
Free length 
Meoselsithronghi2004.-.. ee cc 1.978 inches 
РОТЕ) оо ТЕ СОЗИ 2.10 іпсһев 
Шо шагала. Н ПИН аана. 2.5 degrees maximum 
Installed height 
Model sith гаш @04 ы. ———— НЫ 1.576 inches 
CARLOS) FT latens ctt О vn cene Rn 1.677 inches 
Pressure, intake and exhaust 
Valve open 
Miisteleitineugbi2 004... 9 o BR 142 to 157 Ibs at 1.104 inches 
Сла) то Hio жөке t ГК ro ORE aas not available 
Valve closed 
м2 215 бл Теп 2065 ы СН ас. 61 to 68 Ibs at 1.576 inches 
0009 о EN ess ОВЕ 68 Ibs at 1.677 inches 
Valve spring pressure service limit.............-scsccsroesseesssssctssssscsarensnens 10 percent pressure loss at 1.104 inches 
Hydraulic lash adjuster (lifter) 
Тае (тачат у ана setunseverevess 0.6299 to 0.6304 inch 
Lifter-to-bore clearance 
а 70 НКИК о ............................. 0.0007 to 0.0027 inch 
E ECUUUE LU е ИА 0.0006 їпсһ тахїтит 
Collapseditappetigap - desired .................................--....................... 0.0177 to 0.0335 inch 
Rocker arm ratio (roller cam їоіомегѕ)............................................« 5:4 
Crankshaft and connecting rods 
Crankshaft 
017 сане О сос T 0.0029 to 0.0148 inch 
Runout to rear face of block (ѕїапаага).............................................. 0.002 inch 
Connecting rods 
Connecting rod journal 
Diameter 
freres © 20000) ее КО КОК КККК О Х" 2.0877 to 2.0883 inches 
Du] are letum ОНОРОН ааа 2.0859 to 2.0867 inches 
Еваппео е ватансе rre eter ООСО 0.0010 to 0.0025 inch 
Connecting rod side clearance (endplay) 
КАЧАК tec Е. аз... ee 0.0006 їо 0.0177 їпсһ 
ао ПЦ ace RN с. e euenit alii. 0.0197 іпсһ 
Main bearing journal 
Diameter 
и о ХОТОО ЕЕ 2.6580 to 2.6590 inch 
2007) ЕР ШНЕК rue ЕТЕ 2.6570 to 2.6580 inch 
Bearing oil сіеагапсе........................... соо ооо 0.0011 to 0.0027 inch 
Pistons and rings 
Бел SPITE EM coc. Ж ne soc оосо оте 3.5500 to 3.5540 inches 
Б оюп БО ӘКЕ Л Айе ТШ 2.2.22... 0.0002 to 0.0010 inch 
Piston ring end gap | 
Top compression гіпб...............................4.4.4.140.0.(404008 өəə не е ыы ыы ыы. 0.005 to 0.011 inch 
Second compression ring..................... neret ennt 0.010 to 0.016 inch 
ІШПЕ 2. T ECCL E 0.006 to 0.026 inch 
Piston ring side clearance | 
Compression ring (top)...............-... enne nnns 0.0016 to 0.0031 inch 
Compression ring (second)...................... eere 0.0012 to 0.0031 inch 
еШ СОП eee иие. 0.006 inch maximum 


Ой Ern RR Snug fit 
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6.8L У10 engines (continued) 


Torque specifications* 
Main bearing cap bolts (tighten first) 


Бтенстер e Ле 200222 
тарапы ерши н ытыс. 


Main bearing cap - side bolts (tighten second) 


PISE ена 
бесе ер 


Connecting rod сар bolts 


БІТСЕ ер 2... s once cee ame, ее 
бесе ер а шый» cien дыц а 
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Ft-Ibs (unless otherwise indicated) 


30 


22 


32 


* Note: Refer to Chapter 2D for additional torque specifications. 


1 General information - engine 
overhaul 


Included in this portion of Chapter 2 are 
the general overhaul procedures for the cylin- 
der head and internal engine components. 

The information ranges from advice con- 
cerning preparation for an overhaul and the 
purchase of replacement parts to detailed, 
step-by-step procedures covering removal 
and installation of internal engine components 
and the inspection of parts. 

The following Sections have been writ- 
ten based on the assumption that the engine 
has been removed from the vehicle. For infor- 
mation concerning in-vehicle engine repair, as 
well as Removal and Installation of the exter- 
nal components necessary for the overhaul, 
see Chapter 2A (4.9L), 2B (4.2L), 2C (5.0L, 
5.8L and 7.5L) or 2D (4.6L, 5.4L and 6.8L) 
and Section 8 of this Chapter. 

The Specifications included in this Part 
are only those necessary for the inspection 
and overhaul procedures which follow. 

Its not always easy to determine when, 
or if, an engine should be completely over- 
hauled, as a number of factors must be con- 
sidered. 

High mileage is not necessarily an indi- 
cation that an overhaul is needed, while low 
mileage doesn't preclude the need for an 
overhaul. Frequency of servicing is probably 
the most important consideration. An engine 
that's had regular and frequent oil and filter 
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he oil pressure sending unit on the 4.2L engine is located 
on the left front of the block (arrow) 


changes, as well as other required mainte- 
nance, will most likely give many thousands 
of miles of reliable service. Conversely, a 
neglected engine may require an overhaul 
very early in its life. 

Excessive oil consumption is an indica- 
tion that piston rings, valve seals and/or valve 
guides are in need of attention. Make sure 
that oil leaks aren’t responsible before decid- 
ing that the rings and/or guides are bad. Per- 
form a cylinder compression check to deter- 
mine the extent of the work required (see 
Section 4). Also check the vacuum readings 
under various conditions (see Section 3). 

Loss of power, rough running, knocking 
or metallic engine noises, excessive valve 
train noise and high fuel consumption rates 
may also point to the need for an overhaul, 
especially if they’re all present at the same 
time. If a complete tune-up doesn’t remedy 
the situation, major mechanical work is the 
only solution. 

An engine overhaul involves restoring 
the internal parts to the specifications of a 
new engine. During an overhaul, the piston 
rings are replaced and the cylinder walls are 
reconditioned (re-bored and/or honed). If a re- 
bore is done by an automotive machine shop, 
new oversize pistons will also be installed. 
The main bearings, connecting rod bearings 
and camshaft bearings are generally replaced 
with new ones and, if necessary, the crank- 
shaft may be reground to restore the jour- 
nals. Generally, the valves are serviced as 


2.2b The oil pressure sending unit on the 4.6L and 5.4L engines 
is located on the lower left (driver’s side) corner of the engine, 


Rotate an additional 90-degrees 
Rotate an additional 90-degrees 


Rotate an additional 105-degrees 


well, since they're usually in less-than-perfect 
condition at this point. While the engine is 
being overhauled, other components, such as 
the distributor, starter and alternator, can be 
rebuilt as well. The end result should be a like 
new engine that will give many trouble free 
miles. Note: Critica! cooling system compo- 
nents such as the hoses, drivebelts, thermo- 
stat and water pump should be replaced with 
new parts when an engine is overhauled. The 
radiator should be checked carefully to ensure 
that it isn't clogged or leaking (see Chapter 
3). If you purchase a rebuilt engine or short 
block, some rebuilders will not warranty their 
engines unless the radiator has been profes- 
sionally flushed. Also, we don't recommend 
overhauling the oil pump - always install a 
new one when an engine is rebuilt. 

Before beginning the engine overhaul, 
read through the entire procedure to familiar- 
ize yourself with the scope and requirements 
of the job. Overhauling an engine isn't difficult, 
but it is time-consuming. Plan on the vehicle 
being tied up for a minimum of two weeks, 
especially if parts must be taken to an autorno- 
tive machine shop for repair or reconditioning. 
Check on availability of parts and make sure 
that any necessary special tools and equip- 
ment are obtained in advance. Most work 
can be done with typical hand tools, although 
a number of precision measuring tools are 
required for inspecting parts to determine if 
they must be replaced. Often an automotive 
machine shop will handle the inspection of 


near the oil filter 
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parts and offer advice concerning recondi- 
tioning and replacement. Note: A/ways wait 
until the engine has been completely disas- 
. sembled and all components, especially the 
engine block, have been inspected before 
deciding what service and repair operations 
must be performed by an automotive machine 
shop. Since the block’s condition will be the 
major factor to consider when determining 
whether to overhaul the original engine or buy 
a rebuilt one, never purchase parts or have 
machine work done on other components 
until the block has been thoroughly inspected. 
As a general rule, time is the primary cost of 
an overhaul, so it doesn’t pay to install worn 
or substandard parts. 

As a final note, to ensure maximum life 
and minimum trouble from a rebuilt engine, 
everything must be assembled with care in a 
spotiessly-clean environment. 


2 Oil pressure check 


Refer to illustrations 2.2a and 2.2b 

1 Low engine oil pressure can be a sign 
of an engine in need of rebuilding. A "low 
oil pressure" indicator (often called an "idiot 
light") is not a test of the oiling system. Such 
indicators only come on when the oil pressure 
is dangerously low. Even a factory oil pressure 
gauge in the instrument panel is only a rela- 
tive indication, although much better for driver 
information than a warning light. A better test 
is with a mechanical (not electrical) oil pres- 
sure gauge. When used in conjunction with 
an accurate tachometer, an engine's oil pres- 
sure performance can be compared to factory 
Specifications for that year and model. 

2 Find the oil pressure indicator sending 
unit (see illustrations). On most engines the 
sending unit is located near the oil filter, but 
on the 7.5L engine it's located at the upper 
rear of the engine block, behind the intake 
manifold. 

3 Remove the oil pressure sending unit 
and install a fitting which will allow you to 
directly connect your hand-held, mechanical 
oil pressure gauge. Use Teflon tape or sealant 
on the threads of the adapter and the fitting 
on the end of your gauge's hose. 

4 Connect an accurate tachometer to the 
engine, according to the tachometer manu- 
facturer's instructions. 

5 Check the oil pressure with the engine 
running (full operating temperature) at the 
specified engine speed, and compare it to this 
Chapter's Specifications. If it's extremely low, 
the bearings and/or oil pump are probably 
worn out. 
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3 Cylinder compression check 
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Refer to illustration 3.6 

1 А compression check will tell you what 
mechanical condition the upper end (pistons, 
rings, valves, head gaskets) of the engine is 
іп. Specifically, it can tell you if the compres- 


sion is down due to leakage caused by worn 
piston rings, defective valves and seats or a 
blown head gasket. Note: Тһе engine must 
be at normal operating temperature and the 
battery must be fully charged for this check. 

2 Begin by cleaning the area around the 
spark plugs before you remove them. Com- 
pressed air should be used. The idea is to 
prevent dirt from getting into the cylinders as 
the compression check is being done. 

3 Remove all of the spark plugs from the 
engine (see Chapter 1). 

4 Віоск the throttle wide open. 

5 Before beginning this procedure, be sure 
to disable the ignition system. On 1992 through 
1996 models (TFI-IV ignition systems), discon- 
nect the coil wire from the distributor cap and 
ground it to prevent damage to the coil (see 
Chapter 5). On distributorless ignition sys- 


tems, disconnect the primary lead from the сой - 


pack (DIS ignition systems) or the individual 
coil assemblies (COP ignition systems) at the 
spark plugs (see Chapter 5). The fuel pump 
circuit should also be disabled by removing the 
fuel pump relay (see Chapter 4). 

6 Install the compression gauge in the 
number one spark plug hole (see illustra- 
tion). 

7 Crank the engine over at least seven 
compression strokes and watch the gauge. 
The compression should build up quickly in a 
healthy engine. Low compression on the first 
stroke, followed by gradually increasing pres- 
sure on successive strokes, indicates worn 
piston rings. A low compression reading on 
the first stroke, which doesn't build up during 
successive strokes, indicates leaking valves 
or a blown head gasket (a cracked head could 
also be the cause). Deposits on the under- 
sides of the valve heads can also cause low 
compression. Record the highest gauge read- 
ing obtained. 

8 Repeat the procedure for the remaining 
cylinders, turning the engine over for the same 
length of time for each cylinder, and compare 
the results to this Chapter's Specifications. 

9 If the readings are below normal, add 
some engine oil (about three squirts from a 
plunger-type oil can) to each cylinder, through 
the spark plug hole, and repeat the test. 

10 Ifthe compression increases after the oil 
is added, the piston rings are definitely worn. 
If the compression doesn't increase signifi- 
cantly, the leakage is occurring at the valves 
or head gasket. Leakage past the valves may 
be caused by burned valve seats and/or faces 
or warped, cracked or bent valves. 

11 If two adjacent cylinders have equally 
low compression, there's a strong possibil- 
ity the head gasket between them is blown. 
The appearance of coolant in the combustion 
chambers or the crankcase would verify this 
condition. 

12 If the compression is unusually high, the 
combustion chambers are probably coated 
with carbon deposits. If that's the case, the 
cylinder heads should be removed and decar- 
bonized. 

13 If compression is way down or varies 


3.6 A compression gauge with a 
threaded fitting for the spark plug hole is 
preferred over the type that requires hand 

pressure to maintain the seal during the 
compression check 


greatly between cylinders, it would be a good 
idea to have a leak-down test performed by 
an automotive repair shop. This test will pin- 
point exactly where the leakage is occurring 
and how severe it is. 

14 Install the fuses and drive the vehicle 
to restore the "block learn" memory. Refer to 
Chapter 6 for additional information on the 
PCM. 


4 Vacuum gauge diagnostic checks 


Refer to illustration 4.6 


1  Avacuum gauge provides valuable infor- 
mation about what is going on in the engine 
at a low cost. You can check for worn rings or 
cylinder walls, leaking head or intake manifold 
gaskets, incorrect carburetor adjustments, 
restricted exhaust, stuck or burned valves, 
weak valve springs, improper ignition or valve 
timing and ignition problems. 

2 Unfortunately, vacuum gauge readings 
are easy to misinterpret, so they should be 
used in conjunction with other tests to confirm 
the diagnosis. 

3 Both the gauge readings and the rate 
of needle movement are important for accu- 
rate interpretation. Most gauges measure 
vacuum in inches of mercury (in-Hg). As 
vacuum increases (or atmospheric pressure 
decreases), the reading will increase. Also, for 
every 1,000-foot increase in elevation above 
sea level, the gauge readings will decrease 
about one inch of mercury. 

4 Connect the vacuum gauge directly to 
intake manifold vacuum, not to ported (before 
throttle plate) vacuum. Be sure no hoses are 
left disconnected during the test or false read- 
ings will result. 

5 Before you begin the test, allow the 
engine to warm up completely. Block the 
wheels and set the parking brake. With the 
transmission in Park, start the engine and 
allow it to run at normal idle speed. 
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6 Read the vacuum gauge; ап average, 
healthy engine should normally produce 
about 17 to 22 inches of vacuum with a fairly 
steady needle. Refer to the following vacuum 
gauge readings and what they indicate about 
the engine’s condition (see illustration): 

7  Alow, steady reading usually indicates 
a leaking gasket between the intake mani- 
fold and carburetor or throttle body, a leaky 
vacuum hose, late ignition timing or incorrect 
camshaft timing. Eliminate all other possible 
causes, utilizing the tests provided in this 
Chapter before you remove the timing chain 
cover to check the timing marks. 

8 ifthe reading is three to eight inches 
below normal and it fluctuates at that low 
reading, suspect an intake manifold gasket 
leak at an intake port. 

9 Ifthe needle has regular drops of about 
two to four inches at a steady rate, the valves 
are probably leaking. Perform a compression 
or leak-down test to confirm this. 

10 An irregular drop or down-flick of the 
needle can be caused by a sticking valve or 
an ignition misfire. Perform a compression or 
leak-down test and read the spark plugs. 

11 A rapid vibration of about four inches-Hg 
vibration at idle combined with exhaust smoke 
indicates worn valve guides. Perform a leak- 
down test to confirm this. If the rapid vibra- 
tion occurs with an increase in engine speed, 
check for a leaking intake manifold gasket 
or head gasket, weak valve springs, burned 
valves or ignition misfire. 

12 A slight fluctuation, say one inch up and 
down, may mean ignition problems. Check all 
the usual tune-up items and, if necessary, run 
the engine on an ignition analyzer. 

13 If there is a large fluctuation, perform a 
compression or leak-down test to look for a 
weak or dead cylinder or a blown head gas- 
ket. 

14 |f the needle moves slowly through а 
wide range, check for a clogged PCV system, 
incorrect idle fuel mixture, throttle body or 
intake manifold gasket leaks. 

15 Check for a slow return after revving the 
engine by quickly snapping the throttle open 
until the engine reaches about 2,500 rpm and 
let it shut. Normally the reading should drop 
to near zero, rise above normal idle reading 
(about 5 in-Hg over) and then return to the 
previous idle reading. If the vacuum returns 
slowly and doesn't peak when the throttle is 
snapped shut, the rings may be worn. If there 
is a long delay, look for a restricted exhaust 
system (often the muffler or catalytic con- 
verter). An easy way to check this is to tem- 
porarily disconnect the exhaust ahead of the 
suspected part and re-test. 


5 Engine rebuilding alternatives 


1 The do-it-yourselfer is faced with a num- 
ber of options when performing an engine 
overhaul. The decision to replace the engine 
block, piston/connecting rod assemblies and 
crankshaft depends on a number of factors, 
with the number one consideration being the 
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4.6 Typical vacuum gauge readings 


condition of the block. Other considerations 
are cost, access to machine-shop facilities, 
parts availability, time required to complete 
the project and the extent of prior mechanical 
experience on the part of the do-it-yourselfer. 

2 Some of the rebuilding alternatives 
include: 

3 Individual parts - If the inspection pro- 
cedures reveal that the engine block and most 
engine components are within specifications, 
purchasing individual parts may be the most 
economical alternative. The block, crankshaft 
and piston/connecting rod assemblies should 
all be inspected carefully. Even if the block 
shows little wear, the cylinder bores should be 
surface honed. 

4  Crankshaft kit - This rebuild pack- 
age consists of a reground crankshaft and a 
matched set of pistons and connecting rods. 
The pistons will already be installed on the 
connecting rods. Piston rings and the neces- 
sary bearings will be included in the kit. These 
kits are commonly available for standard cylin- 
der bores, as well as for engine blocks which 
have been bored to a regular oversize. 

5  Short-block - A short-block consists of 
an engine block with a crankshaft and piston/ 
connecting rod assemblies already installed. 
All new bearings are incorporated and all 
clearances will be correct. The existing cam- 
shaft, valve train components, cylinder head 
and external parts can be bolted to the short 
block with little or no machine shop work nec- 
essary. 


6  Long-block - A long-block consists of a 
short-block plus an oil pump, oil pan, cylinder 
head, valve cover, camshaft and vaive train 
components, timing sprockets and chain and 
front cover. All components are installed with 
new bearings, seals and gaskets incorporated 
throughout. The installation of manifolds and 
external parts is all that is necessary. 

7 Give careful thought to which alternative 
is best for you and discuss the situation with 
local automotive machine shops, auto parts 
dealers and experienced rebuilders before 
ordering or purchasing replacement parts. 


6 Engine removal - methods and 
precautions 


1 If it has been decided that an engine 
needs to be removed for overhaul or major 
repair work, certain preliminary steps should 
be taken. 

2 Locating a suitable work area is of great- 
est importance. A shop is, of course, the most 
desirable place to work. Adequate work space 
along with storage space for the vehicle 
is very important. If a shop or garage is not 


: available, at the very least a flat, level, clean 


work surface made of concrete or asphalt is 
required. 

3 Cleaning of the engine compartment and 
engine prior to removal will help you keep 
tools clean and organized. 

4 A hoist such as an engine A-frame will 
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also be necessary. Make sure that the equip- 
ment is rated in excess of the combined weight 
of the engine and its accessories. Safety is of 
primary importance, considering the potential 
hazards involved in lifting the engine out of 
` the vehicle. 

5 Ifthe engine is being removed by а nov- 
ice, a helper should be available. Advice and 
aid from someone more experienced would 
also be helpful. There are many instances 
when one person cannot simultaneously 
perform all of the operations which will be 
required when lifting the engine out of the 
vehicle. 

6 Plan the operation ahead of time. 
Arrange for or obtain all of the tools and equip- 
ment you will need prior to beginning the job. 
Some of the equipment necessary to perform 
engine removal and installation safely and 
with relative ease are (in addition to an engine 
hoist) a heavy-duty floor jack, complete sets 
of wrenches and sockets as described in the 
front of this book, wooden blocks and plenty 
of rags and cleaning solvent for mopping up 
the inevitable spills. If the hoist is to be rented, 
make sure that you arrange for it in advance 
and perform all of the operations possible 
without it beforehand. This will save you 
money and time. 

7 Always use extreme caution when 
removing and installing the engine; seri- 
ous injury can result from careless actions. 
Plan ahead. Take your time and a job of this 
nature, although major, can be accomplished 
successfully. 


7 Engine - removal and installation 


Warning 1: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near the 
work area, and don't work in a garage where 
a gas-type appliance (such as a water heater 
or clothes dryer) is present. Since gasoline is 
carcinogenic, wear latex gloves when there's 
a possibility of being exposed to fuel, and, 
if you spill any fuel on your skin, rinse it off 
immediately with soap and water. Mop up 
any spills immediately and do not store fuel- 
soaked rags where they could ignite. The fuel 
system on fuel-injected models is under con- 
stant pressure, so, if any fuel lines are to be 
disconnected, the fuel pressure in the system 
must be relieved first (see Chapter 4 for more 
information). When you perform any kind of 
work on the fuel system, wear safety glasses 
апа have a Class B type fire extinguisher on 
hand. 

Warning 2: The air-conditioning system is 
under high pressure. DO NOT loosen any 
hose or line fittings or remove any components 
until after the system has been discharged. 
Air conditioning refrigerant should be properly 
discharged into an EPA approved recovery/ 
recycling unit at a dealer service department 
or an automotive air conditioning repair facil- 
ity. Always wear eye protection when discon- 
necting air-conditioning system fittings. 


Warning 3: Late models are equipped with 
airbags. Always disconnect the negative bat- 
tery cable, then the positive cable and wait 
two minutes before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel to avoid the possibility of acci- 
dental deployment of the airbag, which could 
cause personal injury (see Chapter 12). 

Note: The engine must be removed alone, 
with the transmission left in the vehicle or 
removed beforehand. Also, due to the wide 
range of vehicle models and engines cov- 
ered by this manual, the following instructions 
are of a general nature and may cover some 
steps not applicable to your vehicle. If a step 
doesn't apply to your vehicle, move on to the 
next one. 


Removal 

Refer to illustration 7.5 

1 Refer to Chapter 4 and relieve the fuel 
System pressure. 

2 Remove the engine cover. 

3 Remove the air cleaner assembly. 

4 Drain the cooling system (see Chap- 
ter 1). 

5 Label the vacuum lines, emissions sys- 
tem hoses, wiring connectors, ground straps 
and fuel lines, to ensure correct reinstallation, 
then detach them. Pieces of masking tape 
with numbers or letters written on them work 
well (see illustration). If there's any possibil- 
ity of confusion, make a sketch of the engine 
compartment and clearly label the lines, 
hoses and wires. Plug or cap all open fittings 
or lines. 

6 Label and detach all coolant hoses from 
the engine, including the hoses at the engine 
oil cooler, if equipped, then remove the oil 
cooler from the engine. 

7 Remove the cooling fan, shroud and 
radiator (see Chapter 3). If the vehicle is 
equipped with air conditioning, remove the 
condenser also (see Chapter 3). 

8 Remove the front bumper (see Chap- 
ter 11). 

9 Remove the radiator grille and air deflec- 
tor as one assembly. 


7.5 Label each wire before unplugging 
the connector 


10 Remove the headlights and side marker 
lights (see Chapter 12). 

11 Remove the hood latch from the radiator 
support and set aside (cable attached). Unclip 
the wiring harness from the radiator core sup- 
port, then remove the fasteners and the upper 
and lower radiator supports from the body. 

12 On engines equipped with distributors, 
remove the distributor and plug wires (see 
Chapter 5) and transmission fill tube. On all 
models, remove the intake manifold (see 
Chapter 2A, 2B, 2C or 2D). 

13 On 7.5L engines, remove the oil fill tube, 
oil dipstick, rear engine-lifting eye and the 
fuel manifold with the injectors attached (see 
Chapter 4). 

14 Remove the drivebelts (see Chapter 1). 
15 Disconnect the throttle linkage or cable 
(and TV linkage/cruise control cable, if 
equipped) from the engine (see Chapter 4). 
16 Оп power steering-equipped vehicles, 
unbolt the power steering pump (see Chap-ter 
10). Leave the lines/hoses attached and make 
sure the pump is kept in an upright position in 
the engine compartment (use wire or rope to 
restrain it out of the way). 

17 Оп air-conditioned models, unbolt the 
compressor (see Chapter 3) and set it aside. 
Do not disconnect the hoses. 

18 Drain the engine oil (see Chapter 1) and 
remove the filter. 

19 Remove the starter motor (see Chap- 
ter 5). 

20 Remove the alternator (see Chapter 5). 
21 Unbolt the exhaust system from the 
engine (see Chapter 4). 

22 Refer to Chapter 7 and remove the drive- 
plate-to-torque converter fasteners. 

23 Support the transmission with a jack. 
Position a block of wood on the jack head 
to prevent damage to the transmission. Spe- 
cial transmission jacks with safety chains are 
available - use one if possible. 

24 Attach an engine sling or a length of 
chain to the lifting brackets on the engine. 

25 Roll the hoist into position and connect 
the sling to it. Take up the slack in the sling or 
chain, but don't lift the engine. Warning: DO 
NOT place any part of your body under the 
engine when it's supported only by a hoist or 
other lifting device. 

26 Remove the transmission-to-engine- 
block bolts. 

27 Remove the engine-mount-to-frame 
bolts. 

28 Recheck to be sure nothing is still con- 
necting the engine to the transmission or 
vehicle. Disconnect anything still remaining. 
29 Raise the engine slightly. Note: Тһе 
engine is removed through the front of the 
vehicle. Carefully work it forward to separate 
it from the transmission, making sure the 
torque-converter stays in the transmission 
(clamp a pair of vise-grips to the housing to 
keep the converter from sliding out). Slowly 
raise the engine out of the engine compart- 
ment. Check carefully to make sure nothing is 
hanging up. 

30 Remove the driveplate and mount the 
engine on an engine stand. 
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Installation 

31 Check the engine and transmission 
mounts. If they're worn or damaged, replace 
them. 

32 Carefully lower the engine into the 
engine compartment - make sure the engine 
mounts line up. 

33 Guide the nose of the converter into the 
crankshaft until the bellhousing is flush with 
the engine block. 

34 Install the transmission-to-engine bolts 
and tighten them securely. Caution: DO NOT 
use the bolts to force the transmission and 
engine together! 

35 Slide the torque-converter up to the 
driveplate and install the driveplate-to-torque 
converter bolts (see Chapter 7). 

36 Reinstall the remaining components in 
the reverse order of removal. 

37 Add coolant, oil, power steering and 
transmission fluid as needed (see Chapter 1). 
38 Run the engine and check for leaks 
and proper operation of all accessories, then 
install the hood and test drive the vehicle. 

39 Have the air-conditioning system 
recharged and leak tested. Note: When the 
battery has been disconnected, some unusual 
driveability symptoms may be present until the 
vehicle is driven ten miles and the computer 
"relearns." 


8 Engine overhaul - disassembly 
sequence 


Note: When removing the external compo- 
nents from the engine, pay close attention to 
details that may be helpful or important during 
installation. Note the installed position of gas- 
kets, seals, spacers, pins, washers, bolts and 
other small items. 

1 Before beginning the disassembly and 
overhaul procedures, make sure the following 
items are available: 


Crankshaft vibration-damper puller 

Common hand tools 

Small cardboard boxes or plastic bags 
for storing parts 

Gasket scraper 

Ridge reamer 

Vibration-damper installation tool 

Micrometers 

Telescoping gauges 

Dial-indicator set 

Valve-spring compressor 

Cylinder surfacing hone 

Piston-ring groove cleaning tool 

Electric drill motor 

Tap and die set 

Wire brushes 

Oil gallery brushes 

Cleaning solvent 


2 Its much easier to disassemble and 
work on the engine if it’s mounted on a por- 
table engine stand. These stands can often 
be rented quite cheaply from an equipment 
rental yard. Before the engine is mounted 
on a stand, the flywheel/driveplate should be 
removed from the crankshaft. 


9.2 Asmall plastic bag, with an 
appropriate label, can be used to store 
the valve train components so they can 

be kept together and reinstalled in the 
correct guide 


3 Ifa stand is not available, it’s possible to 
disassemble the engine with it blocked up on 
a sturdy workbench or on the floor. Be extra 
careful not to tip or drop the engine when 
working without a stand. 

4 Begin disassembly with the removal of 
external components as follows: 


Alternator, if not already removed (see 
Chapter 5) 
Accessory drivebelts and pulleys (if not 
previously removed, see Chapter 1) 
Distributor and coil (see Chapter 5) 
Upper intake manifold (see Chapters 
2A, 2B, 2C and 2D) and fuel rail (see 
Chapter 4) 
Ой dipstick and dipstick tube 
Spark plugs (see Chapter 1) 
5 With these components removed, the 
engine sub-assemblies can be removed in the 
following order: 


Valve cover(s) and lifter cover (4.9L only) 
(see Chapter 2A) 

Exhaust manifold(s) 

Lower Intake manifold 

Rocker arms and pushrods (OHV 
engines only) 

Lifters (OHV engines only) 


9.3a Use a valve spring compressor to 
compress the spring, then remove the 
keepers from the vaive stem 
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Camshafts and balance shafts (if 
equipped) (OHC engines only) 

Cylinder head assembly 

Crankshaft vibration-damper assembly 

Timing cover, timing chain/sprockets or 
gears. Note: Perform timing chain/ 
gear wear check before removing 
components (see Section 9) 

Camshaft (OHV engines only) 

Oil pan 

Oil pump and pick-up assembly 

Piston and rod assemblies (see Sec- 
tion 10) 

Crankshaft and bearings (see Sec- 
tion 11) 

Cylinder head disassembly (see Sec- 
tion 12) 


9 Cylinder head - disassembly 


Refer to illustrations 9.2, 9.3a and 9.3b 

Note: New and rebuilt cylinder heads are 
commonly available for most engines at deal- 
erships and auto parts stores. Due to the fact 
that some specialized tools are necessary for 
the disassembly and inspection procedures, 
and replacement parts may not be readily 
available, it may be more practical and eco- 
nomical for the home mechanic to purchase a 
replacement head rather than taking the time 
to disassemble, inspect and recondition the 
original. 

1 Cylinder head disassembly involves 
removal of the intake and exhaust valves and 
related components. Remove the rocker arms 
and fulcrums from the cylinder heads (OHV 
engines). Label the parts and store them 
separately so they can be reinstalled in their 
original locations. 

2 Before the valves are removed, arrange 
to label and store them, along with their 
related components, so they can be kept sep- 
arate and reinstalled in the same valve guides 
they are removed from (see illustration). 

3 Compress the springs on the first valve 
with a spring compressor and remove the 
keepers (see illustration). Carefully release 
the valve spring compressor and remove the 


9.3b If the valve won't pull through the 
guide, deburr the edge of the stem end 
and the area around the keeper grooves 


with a file or whetstone 
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retainer, the valve spring, the valve spring 
damper, the valve stem seal and the valve. 
Store the components together and discard 
the seal. if the valve binds in the guide (won't 
pull through), push it back into the head and 
deburr the area around the keeper groove 
with a fine file or whetstone (see illustration). 
4 Repeat the above procedure for the 
remaining valves. Remember to keep all the 
parts for each valve together so they can be 
reinstalled in the same locations. 

5 Опсе the valves and related components 
have been removed and stored in an orga- 
nized manner, the head should be thoroughly 
cleaned and inspected. If a complete engine 
overhaul is being done, finish the engine dis- 
assembly procedures before beginning the 
cylinder head cleaning and inspection pro- 
cess. 


10 Cylinder head - cleaning and 
inspection 


Refer to illustrations 10.12, 10.14, 10.15, 
10.16, 10.17, 10.18, 10.20a, 10.20b, 10.20c 
and 10.20d 

Note: Decarbonizing chemicals are available 
and may prove very useful when cleaning the 
cylinder head and valve train components. 
They are very caustic and should be used 
with caution. Be sure to follow the instructions 
on the container. 

1 Thorough cleaning of the cylinder head 
and related valve train components, followed 
by a detailed inspection, will enable you to 
decide how much valve service work must be 
done during the engine overhaul. 


Cleaning 

2  Scrape away all traces of old gasket 
material and sealing compound from the 
head, intake manifold and exhaust manifold 
sealing surfaces. Use a plastic scraper only, 
and be very careful not to gouge the cylinder 
head. Special gasket removal solvents, which 
soften gaskets and make removal much eas- 


10.12 Check the cylinder head gasket surface for warpage by 
trying to slip a feeler gauge under the straightedge (see the 
Specifications for the maximum warpage allowed and 
use a feeler gauge of that thickness) 


ier, are available at auto parts stores. 

3 Remove any built up scale from the cool- 
ant passages. 

4 Run а stiff wire brush through the vari- 
ous holes to remove any deposits that may 
have formed in them. 

5 Run an appropriate-size tap into each of 
the threaded holes to remove any corrosion 
and thread sealant that may be present. If 
compressed air is available, use it to clear the 
holes of debris produced by this operation. 
Warning: Wear eye protection! 

6 Clean the rocker arm bolt threads with a 
wire brush. 

7 Сіеап the cylinder head with solvent and 
dry it thoroughly. Compressed air will speed 
the drying process and ensure that all holes 
and recessed areas are clean. 

8 Clean the rocker arms, fulcrums and 
pushrods with solvent and dry them thor- 
oughly (don't mix them up during cleaning). 
Compressed air will speed the drying process 
and can be used to clean out the oil pas- 
sages. ! 

9 Clean all the valve springs, keepers 
and retainers with solvent and dry them thor- 
oughly. Do the components from one valve at 
a time to avoid mixing up the parts. 

10 Scrape off any heavy deposits that may 
have formed on the valves, then use a motor- 
ized wire brush to remove deposits from the 
valve heads and stems. Again, make sure the 
valves do not get mixed up. 


Inspection 


Cylinder head 

11 Inspect the head very carefully for 
cracks, evidence of coolant leakage and other 
damage. If cracks are found, a new cylinder 
head should be obtained. 

12 Using a straightedge and feeler gauge, 
check the head gasket mating surface for 
warpage (see illustration). If the warpage 
exceeds the specified limit, the head can be 
resurfaced at an automotive machine shop. 
13 Examine the valve seats in each of the 
combustion chambers. If they are pitted, 
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guide clearance (move the valve stem as indicated by the arrows) 


cracked or burned, the head will require valve 
service that is beyond the scope of the home 
mechanic. 

14 Check the valve-stem-to-guide clear- 
ance by measuring the lateral movement of 
the valve stem with a dial indicator attached 
securely to the head (see illustration). The 
valve must be in the guide and approximately 
1/16-inch off the seat. The total valve stem 
movement indicated by the gauge needle 
must be divided by two to obtain the actual 
clearance. After this is done, if there is still 
some doubt regarding the condition of the 
valve guides they should be checked by an 
automotive machine shop (the cost should be 
minimal). 


Valves 

15 Carefully inspect each valve face for 
uneven wear, deformation, cracks, pits and 
burned spots (see illustration). Check the 
valve stem for scuffing and galling and the 
neck for cracks. Rotate the valve and check 


Valve stem tip 


' Valve spring 
H| retainer lock grooves 


Face 
Йй | “ 
Exhaust 1. intake 
Valve Margin Valve 


10.15 Check for valve wear at the points 
shown here 
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for any obvious indication that it's bent. Look 
for pits and excessive wear on the end of the 
stem. The presence of any of these conditions 
indicates the need for valve service by an 
automotive machine shop. 

16 Measure the margin width on each valve 
(see illustration). Any valve with a mar- 
gin narrower than 1/32-inch will have to be 
replaced with a new one. 


Valve springs 

17 Check each valve spring for wear (on the 
ends) and pits. Measure the free length and 
compare it to this Chapter's Specifications 
(see illustration). Any springs that are shorter 
than specified have sagged and should not be 
reused. The tension of all springs should be 
checked with a special fixture before decid- 
ing that they are suitable for use in a rebuilt 
engine (take the springs to an automotive 
machine shop for this check). 

18 Stand each spring on a flat surface and 
check it for squareness (see illustration). If 
any of the springs are distorted or sagged, 
replace all of them with new parts. 

19 Check the spring retainers and keepers 
for obvious wear and cracks. Any question- 
able parts should be replaced with new ones, 


10.17 Measure the free length of each 
valve spring with a dial or vernier caliper 


10.20b ...the fulcrum seats in 
the rocker arm... 


10.16 The margin 
width on each valve 
must be as specified 
(if no margin exists, 

the valve cannot 

be reused) 


VALVE 
MARGIN 


\ 
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as extensive damage will occur if they fail dur- 
ing engine operation. 


Rocker arms 

20 Check the rocker arm faces (the areas 
that contact the pushrod ends and valve stems) 
for pits, wear, galling, score marks and rough 


10.18 Check each valve spring for 
squareness 


... and the fulcrums themselves 
for wear and galling 


10.20с 


spots. Check the rocker arm fulcrum contact 
areas and fulcrums as well (see illustrations). 
Look for cracks in each rocker arm. 

21 Check the rocker arm bolts or studs for 
damaged threads. 

22 Any damaged or excessively-worn parts 
must be replaced with new ones. 


10.20a Check the rocker arm surfaces 
that contact the valve stem and 
pushrod (arrow)... 


\ 


г 


E 


10.204 Оп 4.6L, 5.4L and 6.8L engines, 
check the rocker arms for wear (arrows) at 
the valve stem end, roller and the pocket 
that contacts the lash adjuster 
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11.3a If the lifters are pitted or rough, they 
shouldn’t be re-used 


General 

23 Ifthe inspection process indicates that 
the valve components are in generally poor 
condition and worn beyond the limits speci- 
fied, which is usually the case in an engine 
that is being overhauled, reassemble the 
valves in the cylinder head and see Sec- 
tion 23 for valve servicing recommendations. 
24 = If the inspection turns up no excessively 
worn parts, and if the valve faces and seats 
are in good condition, the valve train compo- 
nents can be reinstalled in the cylinder head 
without major servicing. Refer to the appropri- 
ate Section for the cylinder head reassembly 
procedure. 


11 Valve lifters and pushrods - 
inspection (OHV engines) 


Refer to illustrations 11.3a, 11.3b, 11.3c, 
11.3d and 11.5 

Note: These procedures apply only to six-cyl- 
inder and 1996 and earlier V8 engines. 


Lifters (non-roller) 

1 Remove the lifters (refer to the appropri- 
ate engine Chapter). 

2 Once the lifters have been removed, 


C 


11.3d Check the pushrod seat (arrow) in 
the top of each lifter for wear 


11.3b The foot of each lifter should be 
slightly convex - the side of another lifter 
can be used as a straightedge to check it; 
if it appears flat, it is worn and 

must not be used 


clean them with solvent and dry them thor- 
oughly without mixing them up. Remember 
that the lifters must be reinstalled in their origi- 
nal bores in the block. 

3 | Check each lifter wall, pushrod seat and 
foot for scuffing, score marks and uneven 
wear (see illustrations). Each lifter foot (the 
surface that rides on the cam lobe) must be 
slightly convex, although this can be difficult 
to determine by eye. If the base of the lifter 
is concave, the lifters and camshaft must be 
replaced. If the lifter walls are damaged or 
worn, inspect the lifter bores in the engine 
block as well. If the pushrod seats are worn, 
check the pushrod ends. 

4 If new lifters are being installed, a new 
camshaft must also be installed. If a new 
camshaft is installed, then use new lifters as 
well. Never install used lifters unless the origi- 
nal camshaft is used and the lifters can be 
installed in their original locations. 


Roller lifters 

5 Some late model engines are equipped 
with roller lifters. Check each lifter wall and 
pushrod seat for scuffing, score marks, and 
uneven wear. Check rollers for score marks, 


11.5 The roller on roller lifters must turn 
freely - check for wear and excessive 
play as well 
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11.3c If the bottom of any lifter is worn 
concave, scratched or galled, replace 
the entire set with new lifters 


ease of rotation and flat spots (see illustra- 
tion). If the lifters show signs of excessive 
wear, check the camshaft carefully. If the cam 
lobes aren't worn excessively, the camshaft 
can be re-used. If the lifter walls are damaged 
or worn (which is not very likely), inspect the 
lifter bores in the engine block as well. If the 
pushrod seats are worn, check the pushrod 
ends. 

6 Used roller lifters can be installed with a 
new camshaft, provided they are in good con- 
dition. They must be installed in their original 
bores, however. 


Pushrods 

7 Inspect the pushrod ends for scuffing, 
cracks and excessive wear. Roll each push- 
rod on a flat surface, such as a piece of plate 
glass, to determine if it's bent. Replace any 
bent pushrods. 

8. Check pushrod oil passage for possible 
blockage, clean as required. 


12 Timing chain/sprockets or gears - 
wear checks (OHV engines) 


Refer to illustration 12.4 


Note: These procedures apply only to six-cyl- 
inder and 1996 and earlier V8 engines. 


Timing chain check - 5.0L, 5.8L 


and 7.5L engines 

Note: This procedure requires that the timing 
cover be removed. 

1 Turn the crankshaft in a counterclock- 
wise direction (viewed from the front of the 
engine) to take up the slack on the left side of 
the chain. 

2  Atthe approximate mid-point of the right- 
side chain run, force the chain out with your 
finger while holding a graduated scale against 
chain to establish initial measurement. The 
centerline of one link pin makes a good refer- 
ence point. 

3 Force the chain in the opposite direction 
and measure the amount of total deflection 
from the initial starting point. 


12.4 With the timing chain cover removed, establish а 
reference point on the engine block and measure from that 
point to the chain 


4 Compare the total deflection measure- 
ment (see illustration) to the figure listed in 
this Chapter’s Specifications. If chain deflec- 
tion is excessive, replace the chain and both 
sprockets with new ones. Note: /t is recom- 
mended to replace the timing chain апа 
sprockets during a major overhaul regardless 
of condition since the investment is small in 
comparison to the time and effort required to 
replace them later. 


Endplay check - 4.9L, 5.0L, 
5.8L and 7.51. engines 


Note: Тһе following checking procedures 
require the use of a magnetic base dial indi- 
cator. 

5 Check the camshaft endplay by push- 
ing the camshaft all the way to the rear of its 
travel in the block. 

6 Install a dial indicator so the indicator 
stem is on the camshaft gear/sprocket retain- 
ing bolt. Zero the dial indicator in this posi- 
tion. 

7 Using a large screwdriver between the 
camshaft gear/sprocket and the block, pull 
the camshaft forward and release it. The 
reading on the dial indicator will give you the 
endplay measurement. Compare it to the 
value listed in this Chapter's Specifications. 
If the endplay is excessive, check the spacer 
for correct installation. If the spacer is cor- 
rectly installed, and the endplay is too great, 
the thrust plate must be replaced with a new 
one. 


Timing gear check - 4.9L 
engine 

8 Check the timing gear backlash by 
installing a dial indicator on the cylinder block 
and positioning the stem against the timing 
gear. 

9 Zero the pointer on the dial indicator. 

10 While holding the crankshaft still, move 


€ 


the camshaft timing gear until all slack is 
taken up. 

11 Read the dial indicator to obtain the gear 
backlash. 

12 Compare the results to the value listed in 
this Chapter's Specifications. 

13 Ifthe backlash is excessive, replace the 
timing gear and the crankshaft gear with new 
ones. 

14 То check the timing gear runout, install 
a dial indicator on the engine block with the 
stem touching the face of the timing gear. 

15 Hold the camshaft gear against the cam- 
shaft thrust plate and zero the indicator. 

16 Rotate the crankshaft to turn the cam- 
shaft while holding the camshaft gear against 
the thrust plate. 

17 Rotate the gear through one complete 
revolution of the camshaft. Observe the 
reading on the dial indicator during this revo- 
lution. 

18 If the runout exceeds the Specifications, 
remove the camshaft gear and check for for- 
eign objects or burrs between the camshaft 
and gear flanges. If this condition does not 
exist and the runout is excessive, the gears 
must be replaced with new ones. 

19 Use a similar procedure to check the 
crankshaft gear runout. Make sure that the 
crankshaft is situated against one end of 
the thrust bearing (this will prevent you from 
obtaining a crankshaft endplay measurement 
as opposed to the actual runout of the crank- 
shaft gear). 


13 Piston/connecting rod assembly - 
removal 


Refer to Illustrations 13.1, 13.3 and 13.5 
Note: Prior to removing the piston/connect- 
ing rod assemblies, remove the cylinder head, 
the oil pan and the oil pump by referring to the 
appropriate Sections in Chapter 2. 


13.1 A ridge reamer is required to remove the ridge from the top 
of the cylinder - do this before removing the pistons! 


1 Completely remove the ridge at the top 
of each cylinder with a ridge-reaming tool 
(see illustration). Follow the manufacturer's 
instructions provided with the tool. Failure 
to remove the ridges before attempting to 
remove the piston/connecting rod assemblies 
will result in piston breakage. 

2 After the cylinder ridges have been 
removed, turn the engine upside-down so the 
crankshaft is facing up. 

3 Before the connecting rods are removed, 
check the endplay with feeler gauges. Slide 
them between the first connecting rod and 
the crankshaft throw until the play is removed 
(see illustration). The endplay is equal to the 
thickness of the feeler gauge(s). If the end- 
play exceeds the service limit, new connect- 
ing rods will be required. If new rods (or a new 
crankshaft) are installed, the endplay may 
fall under the specified minimum (if it does, 
the rods will have to be machined to restore 
it - consult an automotive machine shop for 


13.3 Checking the connecting rod 
endplay with a feeler gauge 
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13.5 To prevent damage to the crankshaft journals and cylinder 


ЖЕ | 


walls, slip sections of hose over the rod bolts (if still in place) 


before removing the pistons 


advice if necessary). Repeat the procedure 
for the remaining connecting rods. 

4 Check the connecting rods and caps 
for identification marks. If they aren't plainly 
marked, use a small center-punch to make 
the appropriate number of indentations on 
each rod and cap (1, 2, 3 etc., depending on 
the cylinder they are associated with). 

5 Loosen each of the connecting rod cap 
nuts or bolts 1/2-turn at a time until they can 
be removed by hand. Remove the number 
one connecting rod cap and bearing insert. 
Don't drop the bearing insert out of the cap. 
While supporting the connecting rod, slip a 
short length of plastic or rubber hose over 
each connecting rod cap bolt (if still in place) 
to protect the crankshaft journal and cylinder 
wall when the piston is removed (see illustra- 
tion). Push the connecting rod/piston assem- 
bly out through the top of the engine. Use a 
wooden or plastic hammer handle to push 
on the upper bearing insert in the connecting 
rod. If resistance is felt, double-check to make 
sure that all of the ridge was removed from 
the cylinder. 


14.3 Checking crankshaft endplay with a feeler gauge 


6 Repeat the procedure for the remaining 
cylinders. After removal, reassemble the con- 
necting rod caps and bearing inserts in their 
respective connecting rods and install the 
cap nuts finger tight. Leaving the old bearing 
inserts in place until reassembly will help pre- 
vent the connecting rod bearing surfaces from 
being accidentally nicked or gouged. 


14 Crankshaft - removal 


Refer to illustrations 14.1, 14.3 and 14.4 
Note: The crankshaft can be removed only 
after the engine has been removed from the 
vehicle. It’s assumed that the flywheel or 
driveplate, vibration damper, timing chain(s) 
or gears, oil pan, oil pump and piston/con- 
necting rod assemblies have already been 
removed. 

1 Before the crankshaft removal procedure 
is started, check the endplay. Mount a dial 
indicator with the stem in line with the crank- 
shaft and just touching the end of the crank- 
shaft (see illustration). 


Р. 


14.1 Checking crankshaft endplay with а dial indicator 
(4.6L engine shown) 


EF. 


2 Push the crankshaft all the way to the 
rear and zero the dial indicator. Next, pry 
the crankshaft to the front as far as possible 
and check the reading on the dial indicator. 
The distance that it moves is the endplay. If 
it's greater than limit listed in this Chapter's 
Specifications, check the crankshaft thrust 
surfaces for wear. If no wear is evident, new 
main bearings should correct the endplay. 

3 Ifa dial indicator isn't available, feeler 
gauges can be used. Gently pry or push 
the crankshaft all the way to the front of the 
engine. Slip feeler gauges between the crank- 
shaft and the front face of the thrust main 
bearing to determine the clearance (see illus- 
tration). 

4 Check the main bearing caps to see if 
they're marked to indicate their locations (see 
illustration). They should be numbered con- 
secutively from the front of the engine to the 
rear. If they aren't, mark them with number 
stamping dies or a center-punch. Main bear- 
ing caps generally have a cast-in arrow, which 
points to the front of the engine. 


14.4 The main bearing caps are usually marked to indicate their 
locations (arrows). They should be numbered consecutively 
from the front of the engine to the rear 
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4.2L, 4.9L, 5.0L, 5.81. and 7.5L 
engines 

Note: The thrust bearing on these engines is 
the number three main bearing cap location 
(4.2L, 5.0L, 5.8L and 7.5L) or number five 
main bearing cap location (4.9L). They have 
an upper and lower thrust bearing shell. 

5 Loosen the main bearing cap bolts/studs 
1/4-turn at a time each, until they can be 
removed by hand. Note if any stud bolts are 
used and make sure they're returned to their 
original locations when the crankshaft is rein- 
stalled. Note: On some 4.2L engines, there 
are two main cap support braces, each span- 


ning two main caps, and attached with nuts to 


the main cap studs. Remove the braces. 


4.6L, 5.4L and 6.8L engines 
Refer to illustrations 14.6, 14.7 and 14.8 

6 These engines have a more complex 
crankshaft removal and assembly procedure 
than the other engines because of the num- 
ber of bolts used to fasten the main caps to 
the cylinder block. On 4.6L REP models, there 
are two main cap bolts, two jack screws and 
two side bolts on each of the main caps. It is 
extremely important to follow the removal and 
the installation procedure to ensure correct 
assembly and operation. Loosen and remove 
the main cap side bolts, then back off the jack 
screws into the caps and away from the block 
(see illustration). 


14.8 Following the reverse Cd of the 
tightening sequence (see Section 23), 
remove the main bearing cap bolts, 
loosening them 1/4 turn at a time until 
they can be removed by hand 


14.6 4.6L REP engines 
use main bearing caps 
that are fastened to 
the block through the 
use of a set of bolts, 
screws and specific 
adjustment procedures 


Main bearing cap 
Main bearing 
bolts 

Jack screws (left 
handed thread) 
Side bolts 


7 Оп 5.41 and 6.8L engines, and WEP- 
design 4.6L engines, there are side bolts 
without the jacking screws, and the caps are 
securely positioned on the block with both 
bolts and dowel pins. Remove the side bolts 
(see illustration). 

8 Remove the main bearing cap bolts (see 
illustration). On WEP 4.6L and 5.4L and 6.8L 
engines, also pull the dowel pins from the main 
caps. Caution: The main bearing cap bolts 
are "torque-to-yield" bolts and are NOT reus- 
able. A pre-determined stretch of the Бой, cal- 
culated by the manufacturer, gives the added 
rigidity required with this cylinder block. Once 
removed they must be replaced. The jack 
screws on REP engines are reusable. 


All engines 

Refer to illustration 14.9 

9  Gentlytap the caps with a soft-face ham- 
mer, then separate them from the engine 
block. If necessary, use the bolts as levers to 
remove the caps. Try not to drop the bearing 
inserts if they come out with the caps. All main 
caps should have an arrow cast in to indicate 
the front of the engine, and a number to indi- 
cate which position they have on the block. 
On 4.6L engines, the number is stamped in 
on the left side of the cap (see illustration). 
10 Carefully lift the crankshaft out of the 
engine. It may be a good idea to have an 
assistant available, since the crankshaft is 
quite heavy. With the bearing inserts in place 


14.9 Main caps should be numbered 
(arrow) and have an indicator (circle) of 
the direction facing the front of the engine 


Chapter 2 Part Е General engine overhaul procedures 


14.7 Remove the side bolts - 1997 and 
later V8 and all V10 models 


in the engine block and main bearing caps, 
return the caps to their respective locations 
on the engine block and tighten the bolts fin- 
ger tight. 


15 Camshaft and bearings (OHV 
engines) - inspection 


Refer to illustrations 15.2 and 15.4 


Note: This procedure applies only to six-cylin- 
der and 1996 and earlier V8 engines. 


Inspection 

1 After the camshaft has been removed 
from the engine, cleaned with solvent and 
dried, inspect the bearing journals for uneven 
wear, pitting and evidence of seizure. If the 
journals are damaged, the bearing inserts in 
the block are probably damaged as well. Both 
the camshaft and the bearings will have to be 
replaced. 

2 If they're in good condition, measure the 
bearing journals with a micrometer (see illus- 
tration) to determine their size and whether or 


15.2 Check the diameter of each camshaft 
bearing journal to pinpoint excessive wear 
and out-of-round conditions 
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15.4 To verify camshaft lobe lift, measure 
the major (A) and minor (B) diameters of 
each lobe with a micrometer - subtract 
each minor diameter from the major 
diameter to arrive at the lobe lift 


not they're out-of-round. The inside diameter 
of each bearing can be measured with a tele- 
scoping gauge and micrometer. Subtract each 
cam journal diameter from the corresponding 
bearing inside diameter to obtain the bearing 
oil clearance. Compare the clearance for each 
bearing to the Specifications. If it’s excessive 
for any of the bearings, have new bearings 
installed by an automotive machine shop. 

3 Check the camshaft lobes for heat dis- 
coloration, score marks, chipped areas, pit- 
ting and uneven wear. If the lobes are in good 
condition and the lobe lift measurements are 
within the specified limits, the camshaft can 
be reinstalled (assuming that the bearing jour- 
nals are in acceptable condition). 

4 Camshaft lobe lift can be checked with 
the camshaft installed in the engine or after 
it has been removed using the following pro- 
cedure. Measure the major (A) and minor (B) 
diameters of each lobe with a micrometer and 
record the results (see illustration). The dif- 
ference between the two is the lobe lift. If the 
measured lift for any lobe is less than speci- 
fied, replace the camshaft. 


Bearing replacement 

5 Camshaft bearing replacement requires 
Special tools and expertise that place it out- 
side the scope of the home mechanic. Take 
the block to an automotive machine shop to 
ensure that the job is done correctly. 


16 Engine block - cleaning 


Refer to illustrations 16.1a, 16.1b, 16.8 

and 16.10 

1 Using a hammer and punch, tap the core 
plug on one side to rotate it within its bore, 
then remove it from the block with pliers (see 
illustrations). Caution: Тһе core plugs may 
be difficult or impossible to remove if driven 
into the cooling passages. 


16.1a A hammer and large punch can be 
used to knock the core plugs sideways 
in their bores 


4 
16.8 АП bolt holes in the block - 
particularly the main bearing cap and 
head bolt holes - should be cleaned and 
restored with a tap (be sure to remove 
debris from the holes after this is done) 


2  Usinga gasket scraper, remove all traces 
of gasket material from the engine block. Be 
very careful not to nick or gouge the gasket 
sealing surfaces. 

3 Remove the main bearing caps and 
separate the bearing inserts from the caps 
and the engine block. Tag the bearings, indi- 
cating which cylinder they were removed from 
and whether they were in the cap or the block, 
then set them aside. 

4 Remove all of the threaded oil-gallery 
plugs from the block. Discard the plugs and 
use new ones when the engine is reassem- 
bled. 

5 ifthe engine is extremely dirty it should 
be taken to an automotive machine shop for 
cleaning. қ 

6 After the block is returned, clean all 
oil holes and oil galleries one more time. 
Brushes specifically designed for this purpose 
are available at most auto parts stores. Flush 
the passages with warm water until the water 
runs clear, dry the block thoroughly and wipe 
all machined surfaces with a light, rust pre- 
ventive oil. If you have access to compressed 
air, use it to speed the drying process and to 


16.1b Pull the core plugs from the 
block with pliers 
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16.10 A large socket оп an extension сап 
be used to drive the new core plugs 
into the block 


blow out all the oil holes and galleries. Warn- 
ing: Wear eye protection! 

7 If the block isn’t extremely dirty or 
sludged up, you can do an adequate cleaning 
job with warm soapy water and a stiff brush. 
Take plenty of time and do a thorough job. 
Regardiess of the cleaning method used, be 
sure to clean all ой holes and galleries very 
thoroughly, dry the block completely and coat 
all machined surfaces with light oil. 

8 Тһе threaded holes іп the block must be 
clean to ensure accurate torque readings dur- 
ing reassembly. Run the proper size tap into 
each of the holes to remove any rust, corro- 
sion, thread sealant or sludge and to restore 
any damaged threads (see illustration). If 
possible, use compressed air to clear the 
holes of debris produced by this operation. 
Warning: Wear eye protection! Now is a good 
time to clean the threads on the head bolts 
and the main bearing cap bolts as well. 

9 Reinstall the main bearing caps апа 
tighten the bolts finger tight. 

10 After coating the sealing surfaces of the 
new core plugs with core plug sealant, install 
them in the engine block (see illustration). 
Make sure they are driven in straight and 
seated properly or leakage could result. Spe- 
cial tools are available for this purpose, but a 
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large socket, with an outside diameter that will 
just slip into the core plug, and a hammer will 
work just as well. 

11 Apply non-hardening sealant (such as 
Permatex number 2 or Teflon tape) to the 
new oil gallery plugs and thread them into the 
holes in the block. Make sure they're tight- 
ened securely. 

12 If the engine isn't going to be reassem- 
bled right away, cover it with a large plastic 
trash bag to keep it clean. 


17 Engine block - inspection 


Refer to illustrations 17.4a, 17.4b and 17.4c 

1 Before the block is inspected, it should 
be cleaned as described in Section 16. Dou- 
ble-check to make sure that the ridge at the 
top of each cylinder has been completely 
removed. 

2 Visually check the block for cracks, rust 
and corrosion. Look for stripped threads in the 
threaded holes. It's also a good idea to have 
the block checked for hidden cracks by an 
automotive machine shop that has the special 
equipment to do this type of work. If defects 
are found, have the block repaired, if possible, 
or replaced. 

3 Check the cylinder bores for scuffing and 
Scoring. 

4 Measure the diameter of each cylinder 
at the top (just under the ridge area), center 
and bottom of the cylinder bore, parallel to 
the crankshaft axis (see illustrations). Note: 
These measurements should not be made 
with the bare block mounted on an engine 
stand - the cylinders will be distorted and the 
measurements will be inaccurate. 

5 Next, measure each cylinder’s diameter 
at the same three locations across the crank- 
shaft axis. To calculate an out-of-round con- 
dition, subtract each measurement (A, B and 
C) taken parallel to the crankshaft axis from 
the ones taken across the crankshaft axis. 
The difference is the out-of-round reading. To 
determine cylinder taper, subtract measure- 
ment C from measurement A. Compare your 
results to this Chapter's Specifications. 

6 Ifthe required precision measuring tools 
aren't available, the piston-to-cylinder clear- 
ances can be obtained, though not quite as 
accurately, using feeler gauge stock. Feeler 
gauge stock comes in 12-inch lengths and 
various thicknesses and is generally available 
at auto parts stores. 

7 То check the clearance, select a feeler 
gauge and slip it into the cylinder along with 
the matching piston. The piston must be posi- 
tioned exactly as it normally would be. The 
feeler gauge must be between the piston 
and cylinder on one of the thrust faces (90- 
degrees to the piston pin bore). 

8 The piston should slip through the cylin- 
der (with the feeler gauge in place) with mod- 
erate pressure. 

9 ШЙ falls through or slides through eas- 
ily, the clearance is excessive and a new pis- 
ton will be required. If the piston binds at the 


< CENTERLINE OF ENGINE —————» 


| 

EN. _ 
17.4a Measure the diameter of each 
cylinder at a right angle to the engine 

centerline (A), and parallel to the engine 

centerline (B) - out-of-round is the 

difference between A and B; taper is the 

difference between A and B at the top of 

the cylinder and A and B at the bottom of 

the cylinder 


lower end of the cylinder and is loose toward 
the top, the cylinder is tapered. If tight spots 
are encountered as the piston/feeler gauge is 
rotated in the cylinder, the cylinder is out-of- 
round. 

10 Repeat the procedure for the remaining 
pistons and cylinders. 

11 ‘If the cylinder walls are badly scuffed or 
scored, or if they’re out-of-round or tapered 
beyond the limits given in this Chapter’s 
Specifications, have the engine block rebored 
and honed at an automotive machine shop. If 
a rebore is done, oversize pistons and rings 
will be required. 

12 |f the cylinders are in reasonably good 
condition and not worn to the outside of the 
limits, and if the piston-to-cylinder clearances 
can be maintained properly, they don't have 
to be rebored. Honing is all that's necessary 
(see Section 25). 


18 Piston/connecting rod assembly 
- inspection 


Refer to illustrations 18.4a, 18.4b, 18.10 

and 18.11 

1 Before the inspection process can be 
carried out, the piston/connecting rod assem- 
blies must be cleaned and the original piston 
rings removed from the pistons. Note: Always 
use new piston rings when the engine is reas- 
sembled. 

2 Using a piston-ring expander, carefully 
remove the rings from the pistons. Be care- 
ful not to nick or gouge the pistons in the pro- 
cess. 

3 Scrape all traces of carbon from the 
crown (top) of the piston. A hand-held wire 
brush or a piece of fine emery cloth can be 
used once the majority of the deposits have 
been scraped away. Do not, under any cir- 
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17.4b The ability to “feel” when the 
telescoping gauge is at the correct point 
will be developed over time, so work 
slowly and repeat the check until 
you are satisfied that the bore 
measurement is accurate 


P 


17.4c The gauge is then measured with a 
micrometer to determine the bore size 


cumstances, use a wire brush mounted in a 
drill motor to remove deposits from the pis- 
tons. The piston material is soft and will be 
eroded away by the wire brush. 

4 Use a piston ring groove-cleaning tool to 
remove carbon deposits from the ring grooves 
(see illustration). If a ring groove cleaning 
tool isn't available, use a broken piece from 
one of the old rings (see illustration). Be very 
careful to remove only the carbon deposits- 
don't remove any metal and do not nick ог 
scratch the sides of the ring grooves. 

5 Опсе the deposits have been removed, 
clean the piston/rod assemblies with solvent 
and dry them with compressed air (if avail- 
able). Make sure that the oil return holes in 
the back sides of the ring grooves are clear. 


6 Ifthe pistons aren't damaged or worn 


excessively, and if the engine block isn't 
rebored, new pistons won't be necessary. 
Normal piston wear appears as even vertical 
wear on the piston thrust surfaces and slight 
looseness of the top ring in its groove. New 
piston rings, on the other hand, should always 
be used when an engine is rebuilt. 
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18.4a The piston ring grooves can be 
cleaned with a special tool, as 
shown here... 


7 Carefully inspect each piston for cracks 
around the skirt, at the pin bosses and at the 
ring lands. 

8 Look for scoring and scuffing on the 
thrust faces of the skirt, holes in the piston 
crown and burned areas at the edge of the 
crown. If the skirt is scored or scuffed, the 
engine may have been suffering from over- 
heating and/or abnormal combustion, which 
caused excessively high operating tempera- 
tures. The cooling and lubrication systems 
should be checked thoroughly. A hole in the 
piston crown is an indication that abnor- 
mal combustion (preignition) was occurring. 
Burned areas at the edge of the piston crown 
are usually evidence of spark knock (detona- 
tion). If any of the above conditions are noted, 
the causes must be corrected or the damage 
will occur again. : 

9 Corrosion of the piston, in the form of 
small pits, indicates that coolant is leaking into 
the combustion chamber and/or the crank- 
case. Again, the cause must be corrected or 
the problem may persist in the rebuilt engine. 
10 Measure the piston ring side clearance 
by laying a new piston ring in each ring groove 


iu M 


18.11 Measure the piston diameter at a 90-degree angle to the 
piston pin, at the centerline of the piston pin hole 


E. ж... 
18.4b ...ora section of a broken ring 


and slipping a feeler gauge in beside it (see 
illustration). Check the clearance at three or 
four locations around each groove. Be sure to 
use the correct ring for each groove - they are 
different. If the side clearance is greater than 
specified, new pistons will have to be used. 

11 Check the piston-to-bore clearance by 
measuring the bore (see Section 17) and the 
piston diameter. Make sure that the pistons 
and bores are correctly matched. Measure 
the piston across the skirt, at a 90-degree 
angle to and in line with the piston pin (see 
illustration). Subtract the piston diameter 
from the bore diameter to obtain the clear- 
ance. If it's greater than specified, the block 
will have to be rebored and new pistons and 
rings installed. 

12 Check the piston-to-rod clearance by 
twisting the piston and rod in opposite direc- 
tions. Any noticeable play indicates that there 
is excessive wear, which must be corrected. 
The piston/connecting rod assemblies should 
be taken to an automotive machine shop to 
have the pistons and rods rebored and new 
pins installed. 

13 If the pistons must be removed from the 


19.1 The oil holes should be chamfered so sharp edges don't 
gouge or scratch the new bearings 


18.10 Check the ring side clearance with 
a feeler gauge at several points around 
the groove 


connecting rods for any reason, they should 
be taken to an automotive machine shop. 
While they are there, have the connecting 
rods checked for bend and twist, since auto- 
motive machine shops have special equip- 
ment for this purpose. Note: Unless new pis- 
tons and/or connecting rods must be installed, 
do not disassemble the pistons from the con- 
necting rods. 

14 Check the connecting rods for cracks 
and other damage. Temporarily remove the 
rod caps, lift out the old bearing inserts, wipe 
the rod and cap bearing surfaces clean and 
inspect them for nicks, gouges and scratches. 
After checking the rods, replace the old bear- 
ings, slip the caps into place and tighten the 
nuts finger tight. 


19 Crankshaft - inspection 


Refer to illustrations 19.1, 19.2, 19.4, 19.6 
and 19.8 

1 Remove all burrs from the crankshaft oil 
holes with a stone, file or scraper (see illus- 
tration). 
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19.2 Use а wire or stiff plastic bristle 
brush to clean the oil passages 
in the crankshaft 


2 Clean the crankshaft with solvent and dry 
it with compressed air (if available). Be sure to 
clean the oil holes with a stiff brush and flush 
them with solvent (see illustration). 

3 Check the main and connecting rod 
bearing journals for uneven wear, scoring, pits 
and cracks. 

4 Rub a penny across each journal sev- 
eral times (see illustration). If a journal picks 
up copper from the penny, it's too rough and 
must be reground. 

5 Check the rest of the crankshaft for 
cracks and other damage. It should be mag- 
nafluxed to reveal hidden cracks - an automo- 
, tive machine shop will handle the procedure. 
6 Using a micrometer, measure the diam- 
eter of the main and connecting rod journals 
and compare the results to the Specifications 
(see illustration). By measuring the diameter 
at a number of points around each journal’s 
circumference, you'll be able to determine 
whether or not the journal is out-of-round. 
Take the measurement at each end of the 
journal, near the crank throws, to determine 
if the journal is tapered. Crankshaft runout 
should be checked also, but large V-blocks 
and a dial indicator are needed to do it cor- 
rectly. If you don't have the equipment, have a 


19.8 If the seals have worn grooves in the 
crankshaft journals, or if the seal 
contact surfaces are nicked or 
scratched, the new seals will leak 


19.4 Rubbing a penny lengthwise on 
each journal will reveal its condition - if 
copper rubs off and is embedded in the 

crankshaft, the journals 
should be reground 


machine shop check the runout. 

7 Ifthe crankshaft journals are damaged, 
tapered, out-of-round or worn beyond the lim- 
its given in the Specifications, have the crank- 
shaft reground by an automotive machine 
shop. Be sure to use the correct-size bearing 
inserts if the crankshaft is reconditioned. 

8 Check the oil seal journals at each end 
of the crankshaft for wear and damage (see 
illustration). If the seal has worn a groove 
in the journal, or if it's nicked or scratched, 
the new seal may leak when the engine is 
reassembled. In some cases, an automotive 
machine shop may be able to repair the jour- 
nal by pressing on a thin sleeve. If repair isn't 
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19. 6 Measure the diameter of sci 
crankshaft journal at several points to 
detect taper and out-of-round conditions 


feasible, a new or different crankshaft should 
be installed. 

9 Examine the main and rod bearing 
inserts (see Section 20). 


20 Main and connecting rod 
bearings - inspection 


Refer to illustration 20.1 

1 Even though the main and connecting 
rod bearings should be replaced with new 
ones during the engine overhaul, the old bear- 
ings should be retained for close examination, 
as they may reveal valuable information about 
the condition of the engine (see illustration). 
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20.1 Typical bearing failures 
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Chapter 2 PartE General engine overhaul procedures 


21.6 Measuring the oil pump outer race-to-housing clearance with 


a feeler gauge 


2 Bearing failure occurs because of lack 
of lubrication, the presence of dirt or other 
foreign particles, overloading the engine and 
corrosion. Regardless of the cause of bearing 
failure, it must be corrected before the engine 
is reassembled to prevent it from happening 
again. 

3 When examining the bearings, remove 
them from the engine block, the main bear- 
ing caps, the connecting rods and the rod 
caps and lay them out on a clean surface in 
the same general position as their location 
in the engine. This will enable you to match 
any bearing problems with the corresponding 
crankshaft journal. 

4 Dirt and other foreign particles get into 
the engine in a variety of ways. It may be 
left in the engine during assembly, or it may 
pass through filters or the PCV system. It 
may get into the oil, and from there into the 
bearings. Metal chips from machining opera- 
tions and normal engine wear are often pres- 
ent. Abrasives are sometimes left in engine 
components after reconditioning, especially 
when parts are not thoroughly cleaned using 
the proper cleaning methods. Whatever the 
source, these foreign objects often end up 
embedded in the soft bearing material and 
are easily recognized. Large particles will not 
embed in the bearing and will score or gouge 
the bearing and journal. The best prevention 
for this cause of bearing failure is to clean all 
parts thoroughly and keep everything spot- 
lessly clean during engine assembly. Frequent 
and regular engine oil and filter changes are 
also recommended. 

5 Lack of lubrication (or lubrication break- 
down) has a number of interrelated causes. 
Excessive heat (which thins the oil), overload- 
ing (which squeezes the oil from the bearing 
face) and oil leakage or throw off (from exces- 
sive bearing clearances, worn oil pump or 
high engine speeds) all contribute to lubrica- 
tion breakdown. Blocked oil passages, which 
usually are the result of misaligned oil holes 
in a bearing shell, will also oil starve a bear- 
ing and destroy it. When lack of lubrication 
is the cause of bearing failure, the bearing 


material is wiped or extruded from the steel 
backing of the bearing. Temperatures may 
increase to the point where the steel backing 
turns blue from overheating. 

6 Driving habits can have a definite effect 
on bearing life. Lugging the engine (using 
too high a gear for the speed and engine 
rpm) puts very high loads on bearings, which 
tends to squeeze out the oil film. These loads 
cause the bearings to flex, which produces 
fine cracks in the bearing face (fatigue failure). 
Eventually the bearing material will loosen in 
pieces and tear away from the steel backing. 
Short trip driving leads to corrosion of bear- 
ings because insufficient engine heat is pro- 
duced to drive off the condensed water and 
corrosive gases. These products collect in the 
engine oil, forming acid and sludge. As the 
oil is carried to the engine bearings, the acid 
attacks and corrodes the bearing material. 

7 Incorrect bearing installation during 
engine assembly will lead to bearing failure 
as well. Tight fitting bearings leave insufficient 
bearing oil clearance and will result in oil star- 
vation. Dirt or foreign particles trapped behind 
a bearing insert result in high spots on the 
bearing which lead to failure. 


21 Oil pump - inspection 


Refer to illustrations 21.6 and 21.7 

Note: This procedure covers only the oil 
pumps installed in the 4.9L, 5.0L, 5.8L and 
7.5L engines. Refer to Chapter 2B for the oil 
pump removal and inspection procedure for 
the 4.2L engine. The oil pumps equipped in 
the 4.6L, 5.4L and 6.8L engines are replaced 
as a unit (see Chapter 2D). The oil pump 
must be removed from the engine prior to this 
inspection procedure (see Chapter 2A or 2C). 
1 Remove the two bolts securing the pick- 
up tube to the oil pump, then remove the pick- 
up. 

2 Clean the oil pump with solvent and dry 
it thoroughly with compressed air. Warning: 
Wear eye protection. 

3 Remove the oil pump housing cover. It is 
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y with a feeler gauge and 


straightedge 


retained by four bolts. 

4 Use solvent and a brush to clean the 
inside of the pump housing and the pressure 
relief valve chamber. Make sure that the inte- 
rior of the oil pump is clean. 

5 Visually check the inside of the pump 
housing and the outer race and rotor for 
excessive wear, scoring or damage. Check 
the mating surface of the pump cover for wear, 
grooves or damage. If any of these conditions 
exist, replace the pump with a new one. 

6 Measure the outer race-to-housing clear- 
ance with a feeler gauge and compare the 
results with the Specifications (see illustra- 
tion). 

7 Using a straightedge and feeler gauge, 
measure the end-plate-to-rotor-assembly 
clearance and compare the results with this 
Chapter's Specifications (see illustration). 

8 Check the driveshaft-to-housing bearing 
clearance by measuring the inside diameter 
of the housing bearing and subtracting that 
figure from the outside diameter of the drive- 
shaft. Compare the results with this Chapter's 
Specifications. 

9 If any components fail the checks men- 
tioned, replace the entire oil pump, as the 
components are not serviced as separate 
parts. 

10 Inspect the relief valve spring for wear or 
a collapsed condition. 

11 Check the relief valve piston for scoring, 
damage and free operation within its bore. 

12 If the relief valve fails any of the above 
tests, replace the entire relief valve assembly 
with a new one. 

13 Install the rotor, outer housing and race 
in the oil pump. Pack the pump cavities with 
petroleum jelly (this will prime the pump and 
ensure good suction when the engine is 
started). 

14 Install the cover and the four retaining 
bolts and tighten them to the torque listed in 
this Chapter's Specifications. 

15 Attach the pick-up tube to the oil pump 
body using a new gasket. Tighten the bolts to 
the torque listed in the appropriate chapter's 
Specifications. 
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22 Engine overhaul - reassembly 
sequence 


1 Before beginning engine reassembly, 
make sure. you have all the necessary new 
parts, gaskets and seals as well as the follow- 
ing items on hand: 


Common hand tools 

Crankshaft damper removal/installation 
tool 

1/2-inch-drive torque wrench 

Piston-ring installation tool 

Piston-ring compressor 

Short lengths of rubber or plastic hose to 
fit over connecting rod bolts 

Plastigage 

Feeler gauges 

A fine-tooth file 

New engine oil 

Engine assembly lube or moly-base 
grease 

RTV gasket sealant 

Thread-locking compound 


2 In order to save time and avoid prob- 
lems, engine tolerance checks and reassem- 
bly should be done in the suggested order: 


If necessary, have the cylinder head and 
valves serviced (see Section 23) 
If necessary, reassemble cylinder head 
(see Section 24) 
Hone the cylinder walls in block (see 
Section 25) 
Crankshaft and main bearings (see Sec- 
tion 26) 
Piston/connecting rod assemblies (see 
Sections 27 and 28) 
Camshaft in cylinder head (OHC engine) 
(see Chapter 2D) 
Timing chain and sprockets 
Timing chain cover 
Cylinder head(s) 
Oil pump 
. Rear main oil seal 
Oil pan 
Camshaft in engine block (OHV engine) 
(see Chapters 2A, 2B or 2C) 
Valve lifters (see Chapter 2A, 2B or 2C) 
Rocker arms and pushrods (see Chapter 
2A, 2B and 2C) 
Intake manifold (upper and lower) 
Exhaust manifolds 
Check, and if necessary, adjust the valve 
clearances (see Section 29) 
Valve cover(s) and (on the 4.9L engine) 
pushrod cover 
Front pulley and vibration-damper 
assembly 
3 Remaining engine build operations are 
reverse of removal operations. 
4 Prior to engine start-up, perform engine 
initial start-up checks (see Section 30). 


23 Valves - servicing 


1 Because ofthe complex nature of the job 
and the special tools and equipment needed, 
servicing of the valves, the valve seats and 
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24.4а Оп 4.2L models with the type of 
seal shown, use a hammer and a seal 
installer (or a deep socket, as shown here) 
to drive the seal onto the valve guide/head 
casting boss (make sure the valve 
spring seat is in place first) 


the valve guides, commonly known as a valve 
job, is best left to a professional. 

2 The home mechanic can remove and 
disassemble the head, do the initial cleaning 
and inspection, then reassemble and deliver 
the head to a dealer service department or an 
automotive machine shop for the actual valve 
servicing. 

3 The dealer service department, or auto- 
motive machine shop, will remove the valves 
and springs, recondition or replace the valves 
and valve seats, recondition or replace the 
valve guides, check and replace the valve 
springs, spring retainers and keepers as 
required, replace the valve seals with new 
ones, reassemble the valve components and 
make sure the installed spring height is cor- 
rect. The cylinder head gasket surface will 
also be resurfaced if it’s warped. 

4 After the valve job has been performed 
by a professional. the head will be in like new 
condition. When the head is returned, be 
sure to clean it again before installation on 
the engine to remove any metal particles and 
abrasive grit that may still be present from the 
valve service or head resurfacing operations. 
Use compressed air, if available, to blow out 
all the oil holes and passages. Warning: 
Wear eye protection. 


24 Cylinder head - reassembly 


Refer to illustrations 24.4a, 24.4b, 24.4c, 24.6 
and 24.8 

1 .Regardless of whether or not the head 
was sent to an automotive repair shop for 
valve servicing, make sure it's clean before 
beginning reassembly . 

2 Ifthe head was sent out for valve ser- 
vicing, the valves and related components will 
already be in place. Refer to Step 8. 

3 Beginning at one end of the head, lubri- 
cate and install the first valve. Apply moly- 
base grease or clean engine oil to the valve 
stem. 


Chapter 2 Part E General engine overhaul procedures 


ja 


24.4b 4.6L, 5.4L and 6.8L engines use 
valve stem seals that are a valve spring 
seat and seal combined into one part - 
make sure replacement parts are the same 
as the ones removed earlier 


м = сш E £ 88 

24.4c Installing a valve stem seal on an 

OHC engine - the socket must contact 
the flange (spring seat) of the seal 


4 Slide a new valve stem seal over the 
valve and seat it on the guide with a deep 
socket and hammer. Gently tap the seal 
until it's completely seated on the guide (see 
illustration). Be very careful not to deform 
or cock the seal during installation. Note: 
On 4.2L engines, the spring seat must be in 


24.6 Apply a small dab of grease to each 
keeper as shown here before installation - 
it will hold them in place on the valve 
stem as the spring is released 
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24.8 Be sure to check the valve spring 
installed height (the distance from 
the bottom of the spring/shield to the 
underside of the retainer) 


place before installing the seal. On 4.6L, 5.4L 
and 6.8L engines, the seal and spring seal 
are one piece (see illustrations). 

5 instali the valve spring seats or shims 
if any, then set the valve spring, damper and 
retainer in place. 

6  Compress the springs with a valve 
spring compressor. Position the keepers in 
the valve stem grooves, then slowly release 
the compressor and make sure the keepers 
seat properly. Apply a small dab of grease to 
each keeper to hold it in place if necessary 
(see illustration). 

7 Repeat the same procedure for each 
valve. Be sure to return the components to 
their original locations - don't mix them up! 

8 Check the installed valve spring height 
with a ruler graduated in 1/64-inch increments 
or a dial caliper. If the head was sent out for 
service work, the installed height should be 
correct (but don't automatically assume that 
it is). The measurement is taken from the 
underside of the spring damper to the under- 
side of the spring retainer (see illustration). !f 
the height is greater than specified, shims can 
be added under the springs to correct it. Cau- 
tion: Do not, under any circumstances, shim 
the springs to the point where the installed 
height is less than specified. 


25 Cylinder honing 


Refer to illustrations 25.3a and 25.3b 

Note: /f you don't have the tools or don't want 
to tackle the honing operation, most automo- 
tive machine shops will do it for a reasonable 
fee. 

1 Prior to engine reassembly, the cylinder 
bores must be honed so the new piston rings 
Will seat correctly and provide the best pos- 
Sible combustion-chamber seal. 

2 Before honing the cylinders. install the 
main bearing caps and tighten the bolts to the 
torque listed in this Chapter's Specifications. 
3 Two types of cylinder hones are com- 


25.3a A bottle brush hone is the easiest 
type of hone to use 


monly available - the flex-hone or "bottle 
brush" type and the more traditional surfacing 
hone with spring-loaded stones. Both will do 
the job, but for the less experienced mechanic 
the "bottle brush" hone will probably be eas- 
ier to use. You'll also need plenty of light oil 
or honing oil, some rags and an electric drill 
motor. Proceed as follows: 


a) Mount the hone in the drill motor, com- 
press the stones and slip it into the first 
cylinder (see illustration). 

b) Lubricate the cylinder with plenty of oil, 
turn on the drill and move the hone up- 
and-down in the cylinder at a pace which 
will produce a fine crosshatch pattern on 
the cylinder walls. Ideally, the crosshatch 
lines should intersect at approximately 
a 60° angle (see illustration). Be sure 
to use plenty of lubricant and don't take 
off any more material than is absolutely 
necessary to produce the desired finish. 
Note: Piston ring manufacturers may 
specify a smaller crosshatch angle than 
the traditional 60-degrees - read and fol- 
low any instructions printed on the piston 
ring packages. 

c) Don't withdraw the hone from the cyl- 
inder while it's running. Instead, shut 
off the drill and continue moving the 
hone up-and-down in the cylinder until 
it comes to a complete stop, then com- 
press the stones and withdraw the hone. 
If you're using a “bottle brush" type hone, 
stop the drill motor, then turn the chuck 
in the normal direction of rotation while 
withdrawing the hone from the cylinder. 

d) Wipe the oil out of the cylinder and 
repeat the procedure for the remaining 
cylinders. 

4 After the honing job is complete, cham- 
fer the top edges of the cylinder bores with a 
small file so the rings won't catch when the 
pistons are installed. Be very careful not to 
nick the cylinder walls with the end of the file. 
5 Тһе entire engine block must be washed 
again very thoroughly with warm, soapy 
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25.3b Тһе cylinder hone should leave а 
smooth, cross-hatch pattern with the 
lines intersecting at approximately 
a 60-degree angle 


water and a brush to remove all traces of 
the abrasive grit produced during the hon- 
ing operation. Note: The bores can be con- 
sidered clean when a white cloth-dampened 
with clean engine oil-used to wipe down the 
bores doesn't pick-up any more honing resi- 
due, which will show up as gray areas on the 
cloth. Be sure to run a brush through all oil 
holes and galleries and flush them with run- 
ning water. 

6 After rinsing, dry the block and apply a 
coat of light rust preventive oil to all machined 
surfaces. Wrap the block іп a plastic trash bag 
to keep it clean and set it aside until reassem- 
bly. 


26 Crankshaft - installation and 
main bearing oil clearance check 


1  Crankshaft installation is the first step 
in engine reassembly. It’s assumed at this 
point that the engine block and crankshaft 
have been cleaned, inspected and repaired or 
reconditioned. 

2 Position the engine on the stand with the 
bottom facing up. 

3 Remove the main bearing cap bolts and 
lift off the caps. Lay them out in the proper 
order to ensure that they are reinstalled cor- 
rectly. 

4 If they’re still in place, remove the old 
bearing inserts from the block and the main 
bearing caps. Wipe the main bearing surfaces 
of the block and caps with a clean, lint free 
cloth. They must be kept spotlessly clean. 


Main bearing oil clearance 


check 

Refer to illustrations 26.10 and 26.14 

5 Clean the back sides of the new main 
bearing inserts and lay one bearing half in 
each main bearing saddle in the block. Lay 
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the other bearing half from each bearing set 
in the corresponding main bearing cap. Make 
sure the tab on the bearing insert fits into the 
recess in the block or cap. Caution: The oil 
holes in the block must line up with the oil 
holes in the bearing insert. Do not hammer 
the bearing into place and don't nick or gouge 
the bearing faces. No lubrication should be 
used at this time. 

6 The thrust bearing must be installed in 
the appropriate bearing saddle. Refer to Sec- 
tion 14 for additional information. 

7 Clean the faces of the bearings in the 
block and the crankshaft main bearing jour- 
nals with a clean, lint free cloth. Check or 
clean the oil holes in the crankshaft, as 
any dirt here can only go one way - straight 
through the new bearings! 

8 Once you're certain that the crankshaft 
is clean, carefully lay it in position (an assis- 
tant would be very helpful here) in the main 
bearings. 

9 Before the crankshaft can be perma- 
nently installed, the main bearing oil clear- 
ance must be checked. 

10 Trim several pieces of the appropriate 
size Plastigage - they must be slightly shorter 
than the width of the main bearings - and 
place one piece on each crankshaft main 
bearing journal, parallel with the journal axis 
(see illustration). 

11 Clean the faces of the bearings in the 
caps and install the caps in their respective 
positions-don't mix them up with the arrows 
pointing toward the front of the engine. Do not 
disturb the Plastigage! . Note: On 4.6L, 5.4L 
and 7.5L engines, the caps should be seated 
with a brass hammer or a dead-blow plastic 
mallet before installing any main cap bolts 
(see illustration). On models with jacking 
screws, make sure the screws are well into 
the caps and clear of the block. 

12 Starting with the center main and work- 
ing out toward the ends, tighten the main 
bearing cap bolts, in three steps, to the 


26.10 Lay the Plastigage strips (arrow) on the main bearing 
journals, parallel to the crankshaft centerline 


| 


26.14 Compare the width of the crushed Plastigage to the scale 
on the container to determine the main bearing oil clearance 
(always take the measurement at the widest point of 
the Plastigage); be sure to use the correct scale - 
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standard and metric scales are included 


specified torque. DO NOT rotate the crank- 
shaft at any time during this operation! Note: 
On 4.6L, 5.4L and 6.8L engines, it is not nec- 
essary to tighten the jack screws or install the 
side bolts for Plastigage measurement pur- 
poses. Don't rotate the crankshaft at any time 
during this operation. 

13 Remove the bolts and carefully lift off the 
main bearing caps. Keep them in order. Don't 
disturb the Plastigage or rotate the crankshaft. 
If any of the main bearing caps are difficult to 
remove, tap them gently from side-to-side 
with a soft-face hammer to loosen them. 

14 Compare the width of the crushed Plas- 
tigage on each journal to the scale printed 
on the Plastigage container to obtain the 
main bearing oil clearance (see illustration). 
Check the Specifications to make sure it's 
correct. 

15 If the clearance is not as specified, the 
bearing inserts may be the wrong size (which 
means different ones will be required). Before 
deciding that different inserts are needed, 
make sure that no dirt or oil was between the 
bearing inserts and the caps or block when 
the clearance was measured. If the Plasti- 
gage was wider at one end than the other, the 
journal may be tapered. 

16 Carefully scrape all traces of the Plas- 
tigage material off the main bearing journals 
and/or the bearing faces. Don't nick or scratch 
the bearing faces. 


Final crankshaft installation 

17 Carefully lift the crankshaft out of the 
engine. Clean the bearing faces in the block, 
then apply a thin, uniform layer of clean moly- 
base grease or engine-assembly lube to each 


of the bearing surfaces. Be sure to coat the ` 


thrust faces as well as the journal face of the 
center bearing. On engines equipped with a 
two-piece rear main oil seal, install the upper 
half of the rear main seal. 

18 Make sure the crankshaft journals are 


clean, then lay the crankshaft back in place in 
the block. Clean the faces of the bearings in 
the caps, then apply lubricant to them. 


4.2L, 4.9L, 5.0L, 5.8L and 7.5L 
engines 

19 Install the caps in their respective posi- 
tions with the arrows pointing toward the front 
of the engine and tighten bolts finger tight. On 
engines equipped with a two-piece rear main 
oil seal, install the lower half of the rear main 
oil seal prior to installing the rear bearing cap. 
Note: On 4.2L engines, apply a thin bead of 
RTV sealant at the side joints between the 
rear main cap and the block. Install the cap 
and tighten the bolts (see Steps 23 and 24 
below) within four minutes of applying the 
sealant. 

20 Tighten all except the thrust bearing 
cap bolts to the torque listed in this Chapter's 
Specifications (work from the center out and 
approach the final torque in three steps). Pry 
the crankshaft forward against the thrust sur- 
face of the bearing. Hold the crankshaft in 
this position, then pry the thrust bearing cap 
to the rear. Maintain the forward pressure on 
the crankshaft and tighten the thrust bearing 
cap bolts to the specified torque. Recheck the 
torque on all of the cap bolts. 

21 Rotate the crankshaft a number of times 
by hand to check for any obvious binding. The 
effort required to turn the crankshaft should . 
not be excessive. 

22 The final step is to check the crankshaft 
endplay with a feeler gauge or a dial indica- 
tor as described in Section 14. The endplay 
should be correct if the crankshaft thrust faces 
are not worn or damaged and new bearings 
have been installed. | 
23 Install a new one-piece rear main oil 
seal, if equipped. If it was removed, install 
the Woodruff key in the front of the crank- 
shaft. Fill the keyway chamfer cavity with Loc- 
tite 518 or equivalent, up to where the front 
face of the sprocket will fall. 
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26.25 “Roll” the lubricated crankshaft thrust washer (arrow) into 

place in front of the last crankshaft journal on 1997 and later V8 

and all V10 engines - the grooved side of the thrust washer must 
face the crankshaft (away from the main bearing saddle) 


4.6L, 5.4L and 6.8L engines 


Refer to illustrations 26.25, 26.27a, 26.27b, 
26.30, 26.31a and 26.31b 


Caution: The main bearing cap bolts on 
the 4.6L, 5.4L and 6.8L engines are all 
"torque-to-yield" bolts and are МОТ reus- 
able. A pre-determined stretch of the Бой, 
calculated by the manufacturer, gives the 
added rigidity required with this cylinder block. 
Once removed they must be replaced with 
new bolts. The main cap side bolts and jack 
screws (REP engines) are reusable. During 
clearance checks using Plastigage, use the 
old bolts and torque to Specifications, but use 
only new Бойз for final assembly. 
24 Оп 4.6L REP engines, install the jack 
screws (if removed earlier) into the main caps 
and bottom them lightly against the caps, this 
must be done before the caps are placed into 
the block. 
25 Lubricate the upper thrust washer with 
moly-base grease and rotate it into the block 


while prying rearward on the crankshaft (see 
illustration). The side of the washer with 
the oil grooves must face the crankshaft. 
REP 4.6L engines use one thrust washer at 
the back of the last crank journal, while 4.6L 
WEP and 5.4L and 6.8L engines use two 
thrust washers, one behind the last jour- 
nal and one ahead of the last journal. When 
installing the rearward thrust washer, the 
crankshaft should be pried rearward. After 
installing the rearward thrust washer, pry the 
crankshaft forward on 4.6L WEP and 5.4L 
engines and install the lubricated front thrust 
washer by rotating it into place. 

26 Place the main caps on their correct jour- 
nals and tap the caps into place with a brass 
or soft-face hammer. Caution: All main bear- 
ing caps MUST be tapped into position prior 
to tightening. Failure to do so may result in 
improper torque. 

27 install the NEW main cap bolts and 
tighten them to 10-to-12 ft-lbs in the rec- 
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26.27a Main cap bolt tightening sequence - 4.6L and 5.4L engines 


ommended sequence (see illustrations). 
On 4.6L WEP engines, 5.4L and 6.8L engines, 
install the dowel pins in the outboard holes of 
the caps with their flat sides toward the center 
of the engine. 

28 Push the crankshaft forward using a 
screwdriver or prybar to seat the thrust bear- 
ing. Caution: Once the crankshaft is pushed 
fully forward, to seat the thrust bearing, leave 
the screwdriver in position so that pressure 
stays placed on the crankshaft until after all 
main bearing cap bolts have been tightened. 
29 Tighten the main bearing cap bolts in two 
steps in the sequence shown (see illustra- 
tions 26.27a and 26.27b) and to the torque 
and angle indicated in the Specifications listed 
at the beginning of this Chapter. 

30 On REP 4.6L engines, tighten all jack 
screws against the block (left-hand threads) 
in two steps, in the sequence shown (see 
illustration), to the Specifications listed at the 
beginning of this Chapter. 
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26.27b Main cap bolt tightening sequence - 6.8L engines 
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26.30 Оп ВЕР 4.6L engines, tighten the ten jacking 
screws in this sequence 
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<= Front of Engine 


26.31a On all 4.6L and 5.4L engines tighten the 


side bolts in this sequence in two steps 


27.3 When checking the piston ring end gap, the ring must be 
square in the cylinder bore. This is done by pushing the ring 
down with the top of the piston as shown 


31 Tighten all side bolts in two steps, in the 
sequence shown (see illustrations), to the 
Specifications listed at the beginning of this 
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27.5 If the end gap is too small, clamp а 
file in a vise and file the ring ends (from 
the outside in only) to enlarge 
the gap slightly 


33 Rotate the crankshaft a number of times 
by hand to check for any obvious binding. 
34 Install the rear main oil seal. 


27 Piston rings - installation 


Refer to illustrations 27.3, 27.4, 27.5, 27.9a, 
27.9b, 27.10 and 27.12 


1 Before installing the new piston rings, the 
ring end gaps must be checked. It's assumed 
that the piston ring side clearance has been 
checked and verified correct (see Sec- 
tion 18). 

2  Layoutthe piston/connecting гоа assem- 
blies and the new rings so the ring sets will be. 
matched with the same piston and cylinder 
during the end gap measurement and engine 
assembly. 

3 Insert the top (number one) ring into the 
first cylinder and square it up with the cylinder 
walls by pushing it in with the top of the piston 
(see illustration). The ring should be near 


~ 

| ү 7 

i JM. 
m Front of Engine 


27.4 With the ring square in the cylinder, measure the end gap 
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26.31b 6.8L side bolt tightening sequence 


with a feeler gauge 


the bottom of the cylinder, at the lower limit of 
ring travel. 

4 То measure the end gap, slip feeler 
gauges between the ends of the ring until a 
gauge equal to the gap width is found (see 
illustration). The feeler gauge should slide 
between the ring ends with a slight amount о 
drag. Compare the measurement to the Spec: 
ifications. If the gap is larger or smaller thar 
specified, double-check to make sure that yot 
have the correct rings before proceeding. 

5 Ifthe gap is too small, it must be enlargec 
or the ring ends may come in contact witt 
each other during engine operation, which 
can cause serious damage. The end gap car 
be increased by filing the ring ends very care 


* fully with a fine file. Mount the file in a vise 


equipped with soft jaws, slip the ring over the 
file with the ends contacting the file face anc 
slowly move the ring to remove material fron 
the ends - file only from the outside in (se« 
illustration). After achieving the proper gap 
use a fine file to slightly chamfer the edges o 
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the rings where they were filed, to remove any 
tiny burrs. 

6 End gap should not exceed the value 
listed іп this Chapter's Specifications. 

7 Repeat the procedure for each ring that 
will be installed in the first cylinder and for 
each ring in the remaining cylinders. Remem- 
ber to keep rings, pistons and cylinders 
matched up. 

8 Опсе the ring end gaps have been 
checked/corrected, the rings can be installed 
on the pistons. 

9 The oil control ring (lowest опе on the 
piston) is installed first. It's composed of 
three separate components. Slip the spacer/ 
expander into the groove (see illustration). 
Next, install the lower side rail. Don't use 
a piston ring installation tool on the oil ring 
side rails, as they may be damaged. Instead, 
place one end of the side rail into the groove 
between the spacer/expander and the ring 
land, hold it firmly in place and slide a finger 
around the piston while pushing the rail into 
the groove (see illustration). Install the upper 
side rail in the same manner. 
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Expander Gap 


27.10 Correct piston ring spacing on piston 


27.9a Installing the spacer/expander in the oil control ring groove 


10 After the three oil ring components have 
been installed, check to make sure that both 
the upper and lower side rails can be turned 
smoothly in the ring groove and stagger the 
gaps (see illustration). 

11 The number two (middle) ring is installed 
next. It's stamped with a mark which must 
face up, toward the top of the piston. Note: 
Always follow the instructions printed on the 
ring package or box - different manufacturers 
may require different approaches. Don ‘t mix 
up the top and middle rings, as they have dif- 
ferent cross sections. 

12 Use a piston ring installation tool and 
make sure that the identification mark is fac- 
ing the top of the piston, then slip the ring into 
the middie groove on the piston (see illustra- 
tion). Don’t expand the ring any more than 
necessary to slide it over the piston. 

13 Install the number one (top) ring in the 
same manner. Make sure the mark is facing 
up. Be careful not to confuse the number one 
and number two rings. 

14 Repeat the procedure for the remaining 
pistons and rings. 


No.1 
Ring Gap 


27.12 Installing the compression rings with a ring expander - 
the mark (arrow) must face up 


27.9b DO NOT use a piston ring installation tool when installing 


the oil ring side rails 


28 Piston/connecting rod assembly 
- installation and rod bearing oil 
clearance check 


Refer to illustrations 28.9, 28.11 and 28.13 


1 Before installing the piston/connecting 
rod assemblies, the cylinder walls must be 
perfectly clean, the top edge of each суііп- 
der must be chamfered (to remove the sharp 
edge) and the crankshaft must be in place. 

2 Remove the connecting rod cap from 
the end of the number one connecting rod. 
Remove the old bearing inserts and wipe the 
bearing surfaces of the connecting rod and 
cap with a clean, lint free cloth. They must be 
kept spotlessly clean. 

3 Сіеап the back side of the new upper 
bearing half, then lay it in place in the con- 
necting rod. Make sure that the tang on the 
bearing fits into the appropriate slot in the rod. 
Do not hammer the bearing insert into place 
and be very careful not to nick or gouge the 
bearing face. Do not lubricate the bearing at 
this time. 


жы СС ыл 
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4 Clean the back side of the other bearing 
insert and install it in the rod cap. Again, make 
sure the tang on the bearing fits into the slot 
in the cap, and do not apply any lubricant. It is 
critically important that the mating surfaces of 
the bearing and connecting rod are perfectly 
clean and oil free when they are assembled 
for checking oil clearances. 

5 Position the piston ring gaps at intervals 
around the piston (see illustration 27.10), 
then slip a section of plastic or rubber hose 
over each connecting rod cap bolt. 

6 Lubricate the piston and rings with clean 
engine oil and attach a piston ring compressor 
to the piston. Leave the skirt protruding about 
1/4-inch to guide the piston into the cylinder. 
The rings must be compressed until they are 
flush with the piston. 

7 Rotate the crankshaft until the number 
one connecting rod journal is at BDC (bottom 
dead center) and apply a coat of engine oil to 
the cylinder walls. 

8 With the notch on top of the piston facing 
the front of the engine, gently insert the pis- 
ton/connecting rod assembly into the number 
one cylinder bore and rest the bottom edge of 
the ring compressor on the engine block. Tap 
the top edge of the ring compressor to make 
sure it's contacting the block around its entire 
circumference. 

9  Carefully tap on the top of the piston with 
the end of a wooden or plastic hammer handle 
(see illustration) while guiding the end of the 
connecting rod into place on the crankshaft 
journal. The piston rings may try to pop out of 
the ring compressor just before entering the 
cylinder bore, so keep some down pressure 
on the ring compressor. Work slowly, and if 
any resistance is felt as the piston enters the 
cylinder, stop immediately! Find out what's 
hanging up and fix it before proceeding. DO 
NOT, for any reason, force the piston into the 
cylinder - you'll break a ring and/or the piston! 
10 Once the piston/connecting rod assem- 
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28.11 Lay the Plastigage strips on each rod bearing journal, 
parallel to the crankshaft centerline 


bly is installed, the connecting rod bearing oil 
clearance must be checked before the rod 
cap is permanently bolted in place. 

11 Cuta piece of the appropriate-size Plasti- 
gage slightly shorter than the width of the con- 
necting rod bearing and lay it in place on the 
number one connecting rod journal, paraliel 
with the journal axis (see illustration). 

12 Clean the connecting rod cap bearing 
face. remove the protective hoses from the 
connecting rod bolts and install the rod cap. 
Make sure the mating mark on the cap is on 
the same side as the mark on the connect- 
ing rod. install the nuts and tighten them to 
the specified torque, working up to it in three 
steps. Note: Use а thin-wall socket to avoid 
erroneous torque readings that can result if 
the socket becomes wedged between the rod 
cap and nut. Do not rotate the crankshaft at 
any time during this operation. 

13 Remove the rod cap, being very careful 
not to disturb the Plastigage. Compare the 


28.13 Measuring the width of the crushed Plastigage to 
determine the rod bearing oil clearance (be sure to use the correct 
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28.9 The piston can 
be driven (gently) 
into the cylinder 


bore with the end of 
a wooden or plastic 
hammer handle 


width of the crushed Plastigage to the scale 
printed on the Plastigage container to obtain 
the oil clearance (see illustration). Compare 
it to the value listed in this Chapter's Speci- 
fications to make sure the clearance is cor- 
rect. If the clearance is not as specified, the 
bearing inserts may be the wrong size (which 
means different ones will be required). Before 
deciding that different inserts are needed, 
make sure that no dirt or oil was between 
the bearing inserts and the connecting rod or 
cap when the clearance was measured. Also, 
recheck the journal diameter. If the Plastigage 
was wider at one end than the other, the jour- 
nal may be tapered. 

14 Carefully scrape all traces of the Plasti- 
gage material off the rod journal and/or bear- 
ing face. Be very careful not to scratch the 
bearing - use your fingernail or a piece of 
hardwood. Make sure the bearing faces are 
perfectly clean, then apply a uniform layer of 
clean moly-base grease or engine assembly 


_ & 


scale- standard and metric scales 


are included) 
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29.5 Vibration damper markings for valve adjustment on 
1996 and earlier V8 engines 


29.6 Vibration-damper markings for valve adjustment 
on the inline six-cylinder (4.9L) engine 


lube to both of them. You'll have to push the 
piston into the cylinder to expose the face of 
the bearing insert in the connecting rod - be 
sure to slip the protective hoses over the rod 
bolts first. 

15 Slide the connecting rod back into place 
on the journal, remove the protective hoses 
from the rod cap bolts, install the rod cap and 
tighten the nuts to the torque listed in this 
Chapter's Specifications. Again, work up to 
the final torque in three steps. 

16 Repeat the above procedure for each of 
the remaining piston/connecting rod assem- 
blies. Keep the back sides of the bearing 
inserts and the inside of each connecting rod 
and cap perfectly clean during reassembly. 
Make sure that you have the correct piston 
for each cylinder and the notch on the pis- 
ton faces the front (timing chain end) of the 
engine when the piston is installed. Remem- 
ber, use plenty of oil to lubricate the piston 
and rings before installing the ring compres- 
sor. Also, when installing the rod caps for the 
final time, be sure to lubricate the bearing 
faces adequately. 

17 After all the piston/connecting rod 
assemblies have been properly installed, 
rotate the crankshaft a number of times by 
hand to check for any obvious binding. 

18 As a final step, the connecting rod end- 
play must be checked. See Section 9 for this 
procedure. Compare the measured endplay 
to the Specifications to make sure it's correct. 
If it was correct before disassembly and the 
original crankshaft and rods were reinstalled, 
it should still be right. If new rods or a new 
crankshaft were installed, the endplay may 
be too small. If so, the rods will have to be 
removed and taken to an automotive machine 
shop for machining. 


29 Valve adjustment (4.9L, 5.0L, 5.8L 
and 7.5L engines only) 


Refer to illustrations 29.5, 29.6, 29.8, 29.12, 
29.15 and 29.18. 

Note: This valve adjustment procedure applies 
only to 4.9L, 5.0L, 5.8L and 7.5L engines. The 
1997 and later 4.6L, 5.4L and 6.8L engines 
are equipped with hydraulic lash adjusters 
installed into the cylinder head near the cam- 
shaft. Engines equipped with hydraulic lifters 
do not normally require a valve adjustment. 
However, after engine machining, it is gener- 
ally necessary to check the clearances. No 
clearance specifications are provided for 4.2L 
engines, so checking is not normally neces- 
sary. 

1 On 5.0L, 5.8L and 7.5L engines, the 
valve arrangement on the left bank is E-I-E- 
І-Е-І-Е-І and on the right bank is І-Е-І-Е-І-Е-І- 
E. For the inline six-cylinder engine, the valve 
arrangement is E-I-E-I-E-I-E-I-E-I-E-I. 

2 Normally these engines do not need 
any valve adjustments because the lash is 
accounted for by the hydraulic lifter. If you 
have a running engine that has symptoms of 
valve clearance problems (such as excessive 
noise from a lifter), check for a defective part. 
Normally an engine will not reach a point at 
which it needs a valve adjustment unless a 
component malfunction has occurred. Hydrau- 
lic lifter failure and excessive rocker arm wear 
are two examples of likely component failure. 
Also, if major engine work is done, such as a 
valve job, which alters the relationship among 
valve train components, a means of com- 
pensating for the dimensional changes must 
be provided. Shorter and longer pushrods 
are available for this purpose. To determine 
whether a shorter or longer pushrod is neces- 
sary, proceed as follows. 


3 Connect an auxiliary starter switch to the 
starter solenoid. If this is not used, the crank- 
shaft will have to be rotated with a socket and 
breaker bar. 

4 Position the piston in the number one 
cylinder at top dead center (TDC) on the 
compression stroke. Refer to the appropriate 
chapter. 

5 On 5.0L, 5.8L and 7.5L engines with the 
crankshaft in the TDC position, make a mark 
at 0-degrees ТОС. Оп 5.0L апа 5.8L engines, 
mark a line from the zero mark across the pul- 
ley (at 180-degrees), and mark another line 
90-degrees from the timing mark (see illus- 
tration). 

6 Оп 4.9L engines, mark the pulley with 
two chalk marks spaced 120-degrees on 
either side of the zero timing mark (see illus- 
tration). 

7 Remove the valve cover(s) (see the 
appropriate Chapter for your engine). 

8 Make sure the lifters are compressed 
(not pumped up with oil). This is accomplished 
during engine assembly by installing new lift- 
ers, or by compressing the lifters and relieving 
them of all internal oil pressure if they have 
been in service. A special tool is available for 
this procedure. 

9  Withthe number one piston at TDC, posi- 
tion the lifter compressor tool on the number 
one intake rocker arm and slowly apply pres- 
sure to bleed down the lifter until the plunger 
is completely bottomed. Hold the lifter in this 
position and check the clearance between the 
rocker arm and the valve stem tip with a feeler 
gauge. Compare the measurements to the 
value listed in this Chapter's Specifications. If 
the clearance is greater than specified, install 
a longer pushrod. If the clearance is less than 
specified, install a shorter pushrod. Repeat 
the procedure on the number one exhaust 
valve. 


2Е-36 


Position 1 


Мо. 1 intake Мо. 1 Exhaust 
Мо. 7 intake No. 5 Exhaust 
Мо. 8 intake Мо. 4 Exhaust 


Position 2 


Мо. 5intake No. 2 Exhaust 
Мо. 4 intake No. 6 Exhaust 


Position 3 


Мо. 2 intake No. 7 Exhaust 
No. З intake No. З Exhaust 
No. 6 intake No. 8 Exhaust 


36054-2c-5.2c HAYNES 


29.12 Vibration damper position and valve 
adjustment sequence for 1992 through 
1994 5.0L engines 


Position 1 

No. 1 intake No. 1 Exhaust 
No. 4intake No. 3 Exhaust 
No. 8 intake No. 7 Exhaust 


Position 2 


No. 3 intake Мо. 2 Exhaust 
No. 7 intake No. 6 Exhaust 


Position 3 


Мо. 2 intake No. 4 Exhaust 
No. 5 intake No. 5 Exhaust 
No. 6 intake No. 8 Exhaust 


36054-2c-5.2d HAYNES 


29.15 Vibration damper position and valve 
adjustment sequence for 1995 and 1996 
5.0L and all 5.8L engines 


Chapter 2 PartE General engine overhaul procedures 


Position 1 


No. 1 intake No. 1 Exhaust 
No. 3 intake No. 8 Exhaust 
No. 7 intake No. 5 Exhaust 
No. 8 intake No. 4 Exhaust 


Position 2 


No. 2intake No. 2 Exhaust 
Мо. 4 intake No. З Exhaust 
No. 5intake No. 6 Exhaust 
No. 6 intake No. 7 Exhaust 


36058-2D-29.20 HAYNES 


29.18 Vibration damper position and valve 
adjustment sequence for the 7.5L engine 


10 Employing the lifter bleed-down and 
measuring procedures stated in Step 9, com- 
plete the valve clearance check as follows: 


4.9L engines 

11 Rotate the crankshaft with the auxiliary 
starter, one-third revolution at a time (120 
degrees), and adjust both intake and exhaust 
valves at each position in the remaining firing 
order sequence (1-5-3-6-2-4). 


1992 through 1994 5.0L V8 
engines 

12 After checking the clearances on both 
number one cylinder valves, check the remain- 
ing valves as shown (see illustration). 

13 Rotate the engine 180-degrees with the 
auxiliary starter switch to Position 2 and check 
the valves as indicated. 

14 Rotate the engine 270-degrees to Posi- 
tion 3 and check the remaining valves as indi- 
cated. 


1995 and 1996 5.0L and all 


5.8L engines 

15 After checking the clearances on both 
number one cylinder valves, check the remain- 
ing valves as shown (see illustration). 

16 Rotate the engine 180-degrees with the 
auxiliary starter switch to Position 2 and check 
the valves as indicated. 

17 Rotate the engine 270-degrees to Posi- 
tion 3 and check the remaining valves as indi- 
cated. 


7.5L engine 
18 After checking the clearances on both 
number one cylinder valves, check the remain- 


ing valves as shown (see illustration). 

19 Rotate the crankshaft 360-degrees with 
the auxiliary starter switch to Position 2 and 
check the remaining valves as indicated. 


All engines 

20 After completion of the entire valve clear- 
ance checking/adjustment procedure, install 
the remaining engine components and run the 
engine. Н may be necessary for an engine to 
run several minutes for the clearance in the 
valve train to be taken up completely by the 
hydraulic lifter(s), particularly if new lifters 
were installed, so expect initial operation to 
be noisier than normal. 

21 ‘If the components are all in good shape 
and a valve lash problem is indicated by 
excessive noise or rough engine idling, use 
the special service tool to compress the lifter 
to recheck the valve clearance. 


30 Initial start-up and break-in after 
overhaul 


Warning: Have a fire extinguisher handy 
when starting the engine for the first time. 

1 Once the engine has been installed in 
the vehicle, double-check the engine oil and 
coolant levels. 

2 With the spark plugs out of the engine 
and the primary wires disconnected from the 
ignition coil, crank the engine until oil pres- 
sure registers on the gauge or until the oil 
light goes out. 

3 Install the spark plugs, hook up the plug 
wires and reconnect the primary wires to the 
Coil. 


4 Start the engine. It may take a few 
moments for the gasoline to reach the carbu- 
retor or fuel-injectors, but the engine should 
start without a great deal of effort. Note: /f the 
engine keeps backfiring, recheck the ignition 
timing and spark plug wire routing. 

5 After the engine starts, it should be 
allowed to warm up to normal operating tem- 
perature. Try to keep the engine speed at 
approximately 2000 rpm. While the engine 
is warming up, make a thorough check for oil 
and coolant leaks. 

6 Return the engine to idle, then shut the 
engine off ,and recheck the engine oil and 
coolant levels. Note: When the battery has 
been disconnected, some unusual driveability 
symptoms may be present until the vehicle is 
driven ten miles and the computer “relearns.” 
7 Drive the vehicle to an area with mini- 
mum traffic, accelerate from 30 to 50 mph, 
then allow the vehicle to slow to 30 mph with 
the throttle closed. Repeat the procedure 10 
or 12 times. This will load the piston rings and 
cause them to seat properly against the cyl- 
inder walls. Check again for oil and coolant 
leaks. 

8 Drive the vehicle gently for the first 500 
miles (no sustained high speeds) and keep a 
constant check on the oil level. It's not unusual 
for an engine to use oil during the break-in 
period. 

9 At approximately 500 to 600 miles, 
change the oil and filter. 

10 Forthe next few hundred miles, drive the 
vehicle normally. Don't pamper it or abuse it. 
11 After 2000 miles, change the oil and 
filler again and consider the engine fully 
broken-in. 
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Cooling, heating and air conditioning systems 
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1 General information 


Engine cooling system 

The cooling system consists of a radia- 
tor and coolant reserve system (1992 through 
1996 models) or expansion tank (1997 and 
later models), a pressure cap (radiator or 
expansion tank), a thermostat, a cooling fan, 
and a pulley/belt-driven water pump. 

The radiator cooling fan is mounted on 
the front of the water pump. The fan incor- 
porates a fluid-drive fan clutch, which saves 
horsepower and reduces noise. When the 
engine is cold, the fluid in the clutch offers lit- 
tle resistance and allows the fan to freewheel. 
As the engine heats up and reaches a prede- 
termined temperature, the fluid in the clutch 
thickens and drives the fan. 

1992 through 1996 models are equipped 
with a coolant recovery system similar to a 
conventional early model design. The cooling 
system is sealed by a pressure type radiator 
cap, which raises the boiling point of the cool- 
ant and increases the cooling efficiency of the 
radiator. If the system pressure exceeds the 
cap pressure relief valve, the excess pressure 
in the system forces the spring loaded valve 
inside the cap off its seat and allows the cool- 
ant to escape through the overflow tube into a 
coolant reservoir. When the system cools the 
excess coolant is automatically drawn from 
the reservoir back into the radiator. The cool- 
ant reservoir serves as both the point at which 
fresh coolant is added to the cooling system 
to maintain the proper fluid level and as a 
holding tank for overheated coolant. This type 
of cooling system is known as a closed design 
because coolant that escapes past the pres- 
sure cap is saved and reused. 

1997 and later models are equipped 
with a different coolant recovery system. The 
recovery tank is called a degas bottle (expan- 
sion tank), and it functions somewhat differ- 
ently than traditional recovery tanks. Designed 
to separate any trapped air in the coolant, it 
is pressurized by the radiator and has a pres- 
sure cap on top. The radiator on these mod- 
els does not incorporate a radiator cap. When 
the engine’s thermostat is closed, no coolant 
flows in the degas bottle (expansion tank), 
but when the engine is fully warmed up, cool- 
ant flows from the top of the radiator through 
a small hose that enters the top of the de-gas 
bottle. There, air separates and coolant falls to 
the approximately one quart coolant reserve 
in the bottle, which is fed to the cooling sys- 
tem through a larger hose connected to the 
lower radiator hose. Unlike traditional coolant 
recovery tanks, the cap on the expansion tank 
should never be opened when the engine is 
running, since there is a danger of injury from 
steam or scalding coolant (see the Warning in 
Section 5). 

Coolant in the left side of the radiator 
circulates through the lower radiator hose to 
the water pump, where it is forced through 
the water passages in the cylinder block. The 
coolant then travels up into the cylinder head, 


circulates around the combustion chambers 
and valve seats, travels out of the cylinder 
head past the opeh thermostat into the upper 
radiator hose and back into the radiator. 

When the engine is cold, the thermo- 
stat restricts the circulation of coolant to the 
engine. When the minimum operating tem- 
perature is reached, the thermostat begins to 
open, allowing coolant to return to the radia- 
tor. 


Transmission cooling system 

Automatic transmission-equipped mod- 
els have a cooler element incorporated into 
the radiator to cool the transmission fluid. 


Oil cooling system 

On some models, in addition to conven- 
tional engine cooling and transmission cooling 
as described above, engine heat is also dissi- 
pated through the lubrication system. Oil cool- 
ers on vehicles equipped with 5.4L and 7.5L 
V8 and 6.8L V10 engines help keep engine 
and oil temperatures within design limits under 
extreme load conditions. The oil cooler on the 
7.5L engine is an integral component of the 
oil filter adapter and assembly. The oil cooler 
on the 5.4L and 6.8L engine incorporates an 
adapter mounted to the oil filter that disperses 
oil through metal lines to the radiator much like 
a transmission cooling system. 


Heating system 

The heating system consists of a pas- 
senger compartment mounted heater blower 
assembly (which houses the blower motor, 
blower resistor, heater core and air condi- 
tioning evaporator), the cab mounted heater 
plenum assembly, the hoses connecting the 
heater core to the engine cooling system and 
the heater/air conditioning control assembly 
on the dashboard. Hot engine coolant is cir- 
culated through the heater core. When the 
heater mode is activated, a flap door opens to 
expose the heater box to the passenger com- 
partment. A fan switch on the control assem- 
bly activates the blower motor, which forces 
air through the core, heating the air. 


Air conditioning system 

The air conditioning system consists of 
a condenser mounted in front of the radiator, 
a passenger compartment mounted evapora- 
tor case assembly, a compressor mounted on 
the engine, and the plumbing connecting all of 
the above.components. The evaporator case 
replaces the heater blower assembly normally 
found in non-air conditioned models. 

A blower fan forces the warmer air of the 
passenger compartment through the evapora- 
tor core (sort of a radiator-in-reverse), trans- 
ferring the heat from the air to the refrigerant. 
The liquid refrigerant boils off into low pres- 
sure vapor, taking the heat with it when it 
leaves the evaporator. 

An optional auxiliary heating and air con- 
ditioning system is available for these models. 
The rear mounted system is located on the left 
side of the vehicle between the side windows 
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and the floorpan, behind the rear wheelwell. 
Some auxiliary systems are equipped with a 
separate blower motor switch mounted in the 
rear of the vehicle. The auxiliary heating and 
air conditioning system incorporates a blower 
motor, heater core and evaporator core for 
complete control of the climate in the rear of 
the vehicle. 


2 Antifreeze - general information 


Refer to illustration 2.5 


Warning: Do not allow antifreeze to come in - 


contact with your skin or painted surfaces of 
the vehicle. Rinse off spills immediately with 
plenty of water. Antifreeze is highly toxic if 
ingested. Never leave antifreeze lying around 
in an open container or in puddles on the 
floor; children and pets are attracted by it's 
sweet smell and may drink it. Check with local 
authorities about disposing of used antifreeze. 
Many communities have collection centers 
which will see that antifreeze is disposed of 
safely. Never dump used antifreeze on the 
ground or pour it into drains. 
Caution: Beginning in 2001, some models 
are equipped with red-colored, long life cool- 
ant. Do not mix green-colored ethylene gly- 
col coolant and red-colored coolant because 
doing so will cause cooling system damage. 
Read the warning label in the engine com- 
partment for additional information. 
Note: Non-toxic antifreeze is now manufac- 
tured and available at local auto parts stores, 
but even this type should be disposed of prop- 
erly. 

The cooling system should be filled with 
a water/ethylene glycol based antifreeze 


solution, which will prevent freezing down to | 


at least -20-degrees F (even lower in cold 
climates). It also provides protection against 
corrosion and increases the coolant boiling 
point. The engines in these vehicles have 
either cast iron heads (1992 through 1996) or 
aluminum heads (1997 and later). The manu- 
facturer recommends that only the proper 
type of coolant be used. Refer to Chapter 1 
specifications. 

The cooling system should be drained, 
flushed and refilled at least every other year 
(see Chapter 1). The use of antifreeze solu- 
tions for periods of longer than two years is 
likely to cause damage and encourage the 
formation of rust and scale in the system. 

Before adding antifreeze to the system, 
check all hose connections. Antifreeze can 
leak through very minute openings. 

Starting in 2001, models produced for 
Oregon and Canada are equipped with a spe- 
cial coolant designed for long-life and envi- 
ronmental recycling programs. Do not mix 
green-colored ethylene glycol antifreeze with 


` réd-colored antifreeze because doing so will 


destroy the cooling system. Consult a dealer 
parts department for additional information 
concerning cooling system servicing. 

The exact mixture of antifreeze to water, 
which you should use, depends on the rela- 


"e 
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2.5 An inexpensive hydrometer can be 
used to test the condition of your coolant 


tive weather conditions. The mixture should 
contain at least 50-percent antifreeze, but 
should never contain more than 70-percent 
anti-freeze. Consult the mixture ratio chart on 
the container before adding coolant. Hydrom- 
eters are available at most auto parts stores 
to test the coolant (see illustration). Use 
antifreeze that meets manufacturer specifica- 
tions for engines with aluminum heads. 


3 Thermostat - check and 
replacement 


Warning: The engine must be completely 
cool when this procedure is performed. 

Note: Don't drive the vehicle without a ther- 
mostat! The computer may stay in open loop 
and emissions and fuel economy will suffer. 


Check 


1 Before condemning the thermostat, 
check the coolant level, drivebelt tension and 
temperature gauge (or light) operation. 

2  Ifthe engine takes a long time to warm 
up, the thermostat is probably stuck open. 
Replace the thermostat. 


* 
М T d L 0 
3.13a Thermostat location for the 


4.2L engine - arrows indicate the 
location of the two bolts 


3 If the engine runs hot, check the temper- 
ature of the upper radiator hose. If the hose 
isn't hot, the thermostat is probably stuck 
shut. Replace the thermostat. 

4 Ifthe upper radiator hose is hot, it means 
the coolant is circulating and the thermostat is 
open. Refer to the Troubleshooting Section at 
the front of this manual for the cause of over- 
heating. 

5 Ifan engine has been overheated, you 
may find damage such as leaking head gas- 
kets, scuffed pistons and warped or cracked 
cylinder heads. 


Removal 


6 Drain the radiator so that the coolant 
level is below the thermostat. 


4.9L engine 

7 | Remove the coolant outlet elbow attach- 
ing bolts, then pull the elbow away from the 
cylinder head sufficiently to provide access to 
the thermostat. 

8 Remove the thermostat and gasket, not- 
ing the top and bottom to assure proper instal- 
lation. 


5.0L, 5.8L and 7.5L engines 

9 Disconnect the bypass hoses at the 
water pump and intake manifold. 

10 Remove the bypass tube, then remove 
the water outlet housing attaching bolts. 

11 Bend the radiator upper hose up and 
remove the thermostat and gasket, taking 
note of the top and bottom to assure proper 
installation. 


4.2L, 4.6L, 5.4L and 6.8L engines 
Refer to illustrations 3.13a, 3.13b and 3.15 
12 Disconnect the upper radiator hose from 
the thermostat housing. On later models, 
remove the air cleaner housing. 

13 Remove the boits and lift the cover off 
(see illustrations). Remove the O-ring seal. 
On 4.6L, 5.41. and 6.8L models, loosen the 
bolts on the power steering reservoir bracket 
enough to allow the thermostat housing to be 
withdrawn (one bracket bolt threads into the 


3.13b On 4.6L, 5.4L and 6.8L engines, 
remove the upper bolt (upper arrow) and 
loosen the power steering reservoir 
bolts, then remove the two thermostat 
housing bolts (lower bolts) 


top of the thermostat housing). 

14 Note how it’s installed, then remove the 
thermostat. Be sure to use a replacement 
thermostat with the correct opening tempera- 
ture (see this Chapter’s Specifications). 

15 Оп thermostat housings that use gaskets 
instead of rubber seals, use a scraper or putty 
knife to remove ail traces of old gasket mate- 
rial and sealant from the mating surfaces. 
Later models have an O-ring (see illustra- 
tion). Make sure no gasket material fails into 
the coolant passages; it is a good idea to stuff 
a rag in the passage. Wipe the mating sur- 
faces with a rag saturated with lacquer thinner 
or acetone. 


Installation 


4.9L engine 

16 After cleaning the coolant outlet elbow 
and cylinder head gasket surfaces, coat a 
new gasket with water-resistant sealer and 
position the gasket on the cylinder head open- 
ing. Note: The gasket must be positioned on 
the cylinder head before the thermostat is 
installed. 

17 Тһе coolant elbow contains a locking 
recess into which the thermostat is turned and 
locked. Install the thermostat with the bridge 
section in the outlet elbow. 

18 Turn the thermostat clockwise to lock it 
in position on the flats cast into the elbow. 

19 Position the elbow against the cylinder 
head and tighten the attaching bolts to the 
torque listed in this Chapter's Specifications. 


5.0L, 5.8L and 7.5L engines 


20 After cleaning the water outlet gasket 
surfaces, coat a new water outlet gasket with 
water-resistant sealer. 

21 Position the gasket on the intake mani- 
fold opening. 

22 Install the thermostat in the intake 
manifold with the copper element toward the 
engine and the thermostat flange positioned 
in the recess. 

23 Position the water outlet housing against 
the intake manifold and install and tighten 


3.15 When installing the thermostat, 
pay special attention to the direction in 
which it’s placed in the engine; the spring 
side will go into the intake manifold (4.2L 
shown) - arrow indicates the new O-ring 
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4.7 Hold the water pump pulley with a 
large wrench and turn the fan clutch nut 
with the smali wrench counterclockwise 


to remove 


the attaching bolts to the torque listed in this 
Chapter's Specifications. 

24 install the water bypass line and tighten 
the hose connections. 


4.2L, 4.6L, 5.4L and 6.8L engines 


25 install the thermostat and make sure 
the correct end faces out - the spring end is 
directed toward the engine. Note: On some 
models, the thermostat housing has a notch 
that a tab on the thermostat fits into, which 
automatically locates the thermostat correctly. 
26 Оп models that use a conventional paper 
gasket, apply a thin coat of RTV sealant to 
both sides of the new gasket and position it 
on the engine side, over the thermostat, and 
make sure the gasket holes line up with the 
bolt holes in the housing. Note: No RTV seal- 
ant should be used on the O-ring seal. 

27 Оп models that use an O-ring seal, 
install the new O-ring into the intake manifold 
or onto the thermostat housing. 

28 Carefully position the cover and install the 
bolts. Tighten them to the torque listed in this 
Chapter's Specifications - do not overtighten 
them or the cover may be cracked or distorted. 
29 Reattach the radiator hose to the cover 
and tighten the clamp - now may be a good 
time to check and replace the hoses and 
clamps (see Chapter 1). 


4.20 Remove the two fan shroud screws 
(arrow indicates the one on the left side) 
and pull the shroud out with the 
fan assembly 


bolted to the water pump hub 
with four bolts 


АП engines 

30 Fill the cooling system with the proper 
amount and type of coolant (see Chapter 1). 
31 Start and run the engine until it reaches 
normal operating temperature, then check the 
coolant level and look for leaks. 


4 Cooling fan and clutch - check, 
removal and installation 


Warning 1: The /ate models covered by this 
manual are equipped with Supplemental 
Restraint Systems (SRS), more commonly 
known as airbags. Always disconnect the 
negative battery cable, then the positive bat- 
tery cable and wait two minutes before work- 
ing in the vicinity of the impact sensors, steer- 
ing column or instrument panel to avoid the 
possibility of accidental deployment of the air- 
bag, which could cause personal injury (see 
Chapter 12). Do not use any electrical test 
equipment on any of the airbag system wires 
or tamper with them in any way. 

Warning 2: Keep hands, tools and clothing 
away from the fan when the engine is running. 
To avoid injury or damage DO NOT oper- 
ate the engine with a damaged fan. Do not 
attempt to repair fan blades - replace a dam- 
aged fan with a new one. 


Check 


Warning: /n order to check the fan clutch, 
the engine will need to be at operating tem- 
perature, so while going through checks prior 
to Step 6 be careful that the engine is NOT 
started while the checks are being completed. 
Severe personal injury can result! 

1 Symptoms of failure of the fan clutch are 
continuous noisy operation, looseness, vibra- 
tion and evidence of silicone fluid leaks. 

2 Rock the fan back and forth by hand to 
check for excessive bearing play. 


3 With the engine cold, turn the blades by ` 


hand. The fan should turn freely. 


4 Visually inspect for substantial fluid leak- 


age from the fan clutch assembly, a deformed 
bi-metal spring or grease leakage from the 
cooling fan bearing. If any of these conditions 
exist, replace the fan clutch. 

5 When the engine is warmed up, turn 


off the ignition switch. Turn the fan by hand. 
Some resistance should be felt. If the fan 
turns easily, replace the fan clutch. 


Removal and installation 


4.9L engine 

Refer to illustration 4.7 

6 Remove the radiator shroud. 

7 Using special tools designed for fan 
clutch removal (fan clutch nut wrench and fan 
drive hub nut wrench) (see illustration), hold 
the pulley while turning the large clutch nut 
counterclockwise to remove clutch. 

8 Remove the clutch and fan assembly 
from the vehicle. 

9 If necessary, remove the four bolts and 
separate the clutch from the fan. 

10 Installation is the reverse of removal. 


5.0L, 5.8L and 7.5L engines 

Refer to illustration 4.12 

11 Remove the radiator shroud and radia- 
tor, if necessary. 

12 Remove the four bolts retaining the 
clutch hub to the water pump and remove the 
fan assembly (see illustration). 

13 |f necessary, remove the four bolts and 
separate the clutch from the fan. 

14 Installation is the reverse of removal. 


4.2L, 4.6L, 5.4L and 6.8L engines 
Refer to illustrations 4.20 and 4.21 

15 Disconnect the battery cable at the neg- 
ative battery terminal. 

16 Remove the air cleaner assembly (see 
Chapter 4). 

17 Drain the cooling system (see Chapter 1). 
18 Remove the upper radiator hose. 

19 Авресігі two-part fan wrench set, obtain- 
able at most auto parts stores, is required to 
remove the cooling fan assembly. The clutch 
attaches to the drive hub with a large nut. 
Hold the water pump pulley with the holding 
tool and a breaker bar, while turning the clutch 
nut with the longer tool (see illustration 4.7). 
Note: On most models, the fan clutch hub nut 
is right-hand thread (turn counterclockwise to 
loosen). Refer to the belt routing label on the 
fan shroud; if the hub nut is left-hand thread it 
should be stated as such on the label. 

20 Unbolt the fan shroud (see illustra- 
tion) and lift the fan assembly and shroud up 
and out of the engine compartment together. 
Note: Two people are required for this pro- 
cedure. Have an assistant below the engine 
compartment to hold the fan pulley using one 
of the special tools. Access the clutch nut 
from above at the 12 o'clock position using 
the other wrench. After the clutch nut has 
been loosened, rotate the fan and fan clutch 
until it separates from the water pump shaft. 
21 The fan clutch can be unbolted from 
the fan blade assembly for replacement (see 


illustration). Caution: То prevent silicone 


fluid from draining from the clutch assembly 
into the fan drive bearing and ruining the lubri- 
cant, DON'T place the drive unit in a position 
with the rear of the shaft pointing down. Store 
the fan in its upright position. 

22 Installation is the reverse of removal. 
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4.21 Remove the four bolts (arrows) and 
separate the fan from the fan clutch 


5 Radiator - removal and 
installation 


Refer to illustrations 5.7 and 5.10 

Warning 1: The engine must be completely 
cool when this procedure is performed. 
Warning 2: Late models covered by this man- 
ual are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 
airbags. Always disconnect the negative bat- 
tery cable, then the positive battery cable and 
wait two minutes before working in the vicin- 
ity of the impact sensors, steeríng column or 
instrument panel to avoid the possibility of 
accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 
Do not use any electrical test equipment on 
any of the airbag system wires or tamper with 
them in any way. 

1 Disconnect the cable from the negative 
battery terminal. 

2  Drainthe cooling system (see Chapter 1). 
3 Remove the air cleaner assembly (see 
Chapter 4). 

4 On 1997 and later models, remove the 
plastic rivet retainers and the front air deflec- 
tor from the radiator support. 

5 Disconnect the overflow hose from the 
coolant reservoir (1992 through 1996 models) 


—— 


6.2a Check for leakage at the water 
pump drain hole (arrow) (1992 
through 1996 models) 


fittings (arrows) and a back-up wrench on 
the radiator fittings to prevent damage to 
the transmission cooler lines or radiator 
when disconnecting them from the 
radiator (1997 and later models) 


or expansion tank (1997 and later models) at 
the radiator. 

6 Refer to Section 4 and remove the cool- 
ing fan and shroud assembly. 

7 Detach the transmission cooler lines from 
the radiator (see illustration) - be careful not 
to damage the lines or fittings. Plug the ends 
of the disconnected lines to prevent leakage 
and stop dirt from entering the system. Have 
a drip pan ready to catch any spills. 

8  Disconnect the upper and lower radiator 
hoses. 

9 Remove the engine protection shield 
from under the front body, if equipped. 

10 Remove the mounting bolts from the 
sides of the radiator (1992 through 1996 mod- 
els) or from the two upper radiator mounts 
(1997 and later models) (see illustration). 
Carefully lift the radiator out of the vehicle. 

11 Prior to installation of the radiator, 
replace any damaged hose clamps and radia- 
tor hoses. 

12 Radiator installation is the reverse of 
removal. When installing the radiator, make 
sure it seats properly in the lower saddles and 
that the rubber mounts (1997 and later mod- 
els) are intact. 


6.2b Location of the water pump weep 
hole on 1997 and later models 


5.10 Remove the two bolts (arrow 
indicates right side mount) and mounts 
holding the top of the radiator 


13 After installation, fill the system with the 
proper mixture of antifreeze, and also check 
the automatic transmission fluid level. 

14 Start the engine and allow it to reach 
normal operating temperature, then check for 
leaks. 


6 Water pump - check 


Refer to illustrations 6.2a and 6.2b 

Warning: Late models covered by this man- 
ual are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 
airbags. Always disconnect the negative bat- 
tery cable, then the positive battery cable and 
wait two minutes before working in the vicin- 
ity of the impact sensors, steering column or 
instrument panel to avoid the possibility of 
accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 
Do not use any electrical test equipment on 
any of the airbag system wires or tamper with 
them in any way. 

1 Water pump failure can cause overheat- 
ing and serious damage to the engine. There 
are three ways to check the operation of the 
water pump while it's installed on the engine. 
If any one of the following quick checks indi- 
cates water pump problems, it should be 
replaced immediately. 

2  Aseal protects the water pump impeller 
shaft bearing from contamination by engine 
coolant. If this seal fails, a weep hole in the 
water pump snout will leak coolant (an inspec- 
tion mirror can be used to look at the under- 
side of the pump if the hole isn't on top). If the 
weep hole is leaking, shaft bearing failure will 
follow (see illustrations). Replace the water 
pump immediately. Note: A small amount of 
gray discoloration is normal. A wet area or 
heavy brown deposits indicate the pump seal 
has failed. 

3 Besides contamination by coolant after 
a seal failure, the water pump impeller shaft 
bearing can also prematurely wear out. If a 
noise is coming from the water pump during 
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7.8 Remove the heater and by-pass hose 
clamps and hoses from the water pump 


engine operation, the shaft bearing has failed 
- replace the water pump immediately. Note: 
Do not confuse drivebelt noise with bearing 
noise. Loose or glazed drivebelts may emit a 
high-pitched squealing noise. 

4 — To identify excessive bearing wear before 


the bearing actually fails, grasp the water : 


pump pulley (with the drivebelt removed) and 
try to force it up-and-down or from side-to-side. 
If the pulley can be moved either horizontally 
or vertically, the bearing is nearing the end of 
its service life. Replace the water pump. 


7 Water pump - removal and 
installation 


Warning 1: Late models covered by this man- 
ual are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 
airbags. Always disconnect the negative bat- 
tery cable, then the positive battery cable and 
wait two minutes before working in the vicin- 
ity of the impact sensors, steering column or 
instrument panel to avoid the possibility of 
accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 
Do not use any electrical test equipment on 
any of the airbag system wires or tamper with 
them in any way. 

Warning 2: Wait until the engine is completely 
cold before beginning this procedure. 

1  Disconnect the cable from the negative 
battery terminal. 

2 With the engine cold, drain the cooling 
system (see Chapter 1). 


Removal 


4.2L, 4.9L, 5.0L, 5.8L and 7.5L 
engines 

Refer to illustrations 7.8 and 7.9 

3 Remove the fan or fan clutch assembly 
(see Section 4). 

4 Release the accessory drivebelt from the 
water pump pulley. On 7.5L engines, release 
tension on both accessory belts (refer to 
Chapter 1). 

5 | On 5.0L, 5.8L and 7.5L engines, remove 
the bolts retaining the air conditioning com- 


7.14 While the drivebelt is still in place, 
remove the four bolts (arrows) holding the 
water pump pulley 


pressor/power steering pump bracket to the 
front of the engine (see Section 15). Move the 
bracket and attached accessories off of the 
water pump studs and away from the water 
pump enough to gain access to the water 
pump attaching bolts. 

6  On7.5L engines, remove the bolt secur- 
ing the alternator adjusting bracket to the 
water pump, then remove the bolts retaining 
the air pump/alternator bracket to the front of 
the engine. Move the bracket and attached 
accessories away from the water pump 
enough to gain access to the water pump 
attaching bolts. 

7 Disconnect the lower radiator hose from 
the water pump inlet. 

8 Disconnect the heater and bypass hoses 
from the water pump (see illustration). 

9 Remove the water pump retaining bolts 
(see illustration) and remove the water 
pump from the front cover or the engine block 
(depending on engine type). Note: Take note 
of the installed positions of the various-sized 
bolts and studs. 

10 Remove the gaskets from the mating 
faces of the water pump and from the front 
cover or cylinder block. 

11 Before installing, remove and clean all 
gasket material from the water pump, front 
cover, separator plate mating surfaces and/or 
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7.9 Water pump boit 
locations on the 


4.2L engine 


4.6L, 5.4L and 6.8L engines 


cylinder block as applicable. 

12 |f necessary, transfer hose ports and/or 
fittings from the old pump if you are replacing 
it with a new pump. Use sealer on the threads 
of the fittings. 


4.6L, 5.4L and 6.8L engines 

Refer to illustrations 7.14 and 7.15 

Warning: Wait until the engine is completely 
cool before starting this procedure. 

13 Remove the fan shroud and the fan 
assembly (see Section 4). 

14 Remove the drivebelt(s) (see Chapter 1) 
and remove the water pump pulley (see illus- 
tration). Note: /t’s helpful to loosen the pul- 
ley bolts/nuts while the belt is still in place. It 
helps hold the pulley from turning. 

15 Remove the water pump retaining bolts 
and remove the water pump (see illustration). 
Take note of the installed positions of the vari- 
ous length bolts and studs. Note: /f the water 
pump sticks, dislodge it with a soft-face ham- 
mer or a hammer and a block of wood. 


. Installation 


4.2L, 4.9L, 5.0L, 5.8L and 7.5L 
engines 

16 Apply a thin film of ЕТУ sealant to both 
sides of the new water pump gaskets, then 
position new gaskets onto the water pump. 
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17 Carefully install the water pump. 

18 Install the retaining bolts finger-tight and 
make sure that all gaskets are in place and 
that the hoses line up in the correct position. 
19 Tighten the water pump retaining bolts to 
the torque listed in this Chapter's Specifica- 
tions. 

20 Connect the radiator lower hose and 
clamp. 

21 Connect the heater return hose and 
clamp. 

22 Connect the bypass hose to the water 
pump. 

23 Attach the remaining components to the 
water pump and engine in the reverse order 
of removal. 

24 Install all of the accessory drivebelts and 
adjust, if required (see Chapter 1). 

25 Fill the cooling system with the proper 
coolant mixture (see Chapter 1). 

26 Start the engine and make sure there 
are no leaks. Check the level frequently dur- 
ing the first few weeks of operation. 


4.6L, 5.4L and 6.8L engines 

Refer to illustrations 7.28 and 7.29 

27 Before installation, remove and clean 
all gasket or sealant material from the water 
pump and cylinder block. 

28 Inspect the O-ring and sealing surface of 
water pump housing in the block for dirt and/ 
or debris (see illustration). Clean them thor- 
oughly before reassembly. 

29 Lubricate a new O-ring seal with clean 
antifreeze and install it to the water pump 
(see illustration). 

30 Install the water pump and tighten the 
bolts to the torque listed in this Chapter’s 
Specifications. 

31 Тһе remainder of the installation is the 
reverse of the disassembly sequence. 

32 Fill the cooling system with the proper 
coolant mixture (see Chapter 1). 

33 Start the engine and make sure there 
are no leaks. Check the level frequently dur- 
ing the first few weeks of operation to ensure 
there are no leaks and that the level in the 
system is stable. 


8  Coolant temperature sending unit 
- check and replacement 


Check 

Refer to illustrations 8.1 and 8.1b 

1 The coolant temperature indicator sys- 
tem is composed of a temperature gauge 
mounted in the dash and a coolant tempera- 
ture sending unit mounted on the engine (see 
illustrations). Some vehicles have more 
than one sending unit, but only one is used 
for the indicator system and the other is used 
to send engine temperature information to 
the computer. Note: On 2001 through 2003 
models, there is both a coolant temperature 
sensor and a cylinder head temperature sen- 
sor, while 2004 and later models have only a 
cylinder head temperature sensor. 

2  Ifanoverheating indication occurs, check 


7.28 Inspect the sealing surface (arrow) in 
the pump cavity for dirt or signs of pitting 


the coolant level in the system. Make sure the 
wiring between the gauge and the sending 
unit is secure and all fuses are intact. 

3 То test the temperature sender, check 
that it reads in the cold range when the engine 
is cold. Disconnect the electrical connector 
from the sender and attach a jumper wire 
between the two pins of the connector. With 
the key ON, the gauge should now swing to 
full hot. If it doesn't, the problem is in the cir- 
cuit from the sender to the instrument panel. if 
the gauge does swing to full hot when testing, 
but doesn't when the connector is in place 
and the engine is hot, replace the coolant 
temperature sending unit. 


Replacement 

Warning: Wait until the engine is completely 
cool before beginning this procedure. 

4 Prepare the new sending unit by wrap- 
ping its threads with Teflon tape or applying 
sealer. Remove the pressure cap from the 
expansion tank (de-gas bottle) to release any 
pressure that may remain in the system, then 
reinstall it. 

5 Disconnect the electrical connector and 
unscrew the sensor from the engine. Install 


unit (A) on 4.2L models is on the intake 
manifold - (B) indicates the coolant 
temperature sensor for the computer 


7.29 Install a new O-ring seal on the 
water pump 


the replacement as quickly as possible to min- 
imize coolant loss. There will be some coolant 
loss as the unit is removed, so be prepared to 
catch it. Caution: The sending unit is made of 
metal and plastic and is fragile. Use care not 
to crack the unit when removing it. 

6 Check the coolant level after the replace- 
ment unit has been installed (see Chapter 1). 


9 Heater and air conditioning 
blower motor and circuit - check 


Refer to illustrations 9.8 and 9.10 

Warning: Late models covered by this manual 
are equipped with Supplemental Restraint Sys- 
tems (SRS), more commonly known as airbags. 
Always disconnect the negative battery cable, 
then the positive battery cable and wait two min- 
utes before working in the vicinity of the impact 
sensors, steering column or instrument panel to 
avoid the possibility of accidental deployment of 
the airbag, which could cause personal injury 
(see Chapter 12). Do not use any electrical test 
equipment on any of the airbag system wires or 


-tamper with them in any way. 


8.1b On 4.6L, 5.0L 5.4L, 5.8L and 6.8L 
engines, the coolant temperature sending 


unit (arrow) is at the left front of the 
intake manifold 
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9.8 The thermal limiter (arrow) protects 
the components from excessive heat - 
check the thermal limiter for damage 


Note: The blower motor is switched on the 
ground-side of the circuit. 

1 Check the fuse and all connections in the 
circuit for looseness and corrosion. Make sure 
the battery is fully charged. Note: The blower 
motor fuse and relay is located in the engine 
compartment fuse panel. 

2 With the transmission in Park, the park- 
ing brake securely set, turn the ignition switch 
to the On position. It isn’t necessary to start 
the vehicle. 

3 Switch the heater controls to FLOOR 
and the blower speed to HIGH. Listen at the 
ducts to hear if the blower is operating. If it 
is, then switch the blower speed to LOW and 
listen again. Try all the speeds. 

4  Backprobe the blower motor electrical 
connector and connect a voltmeter to the 
blower motor and ground. 

5 Move the blower motor switch through 
each of its positions and note the voltage 
readings. Changes in voltage indicate that the 
motor speeds will also vary as the switch is 
moved to the different positions. 

6 If there is voltage present, but the blower 
motor does not operate, the blower motor is 
probably faulty. Disconnect the blower motor 
connector, then hook one side of the blower 
motor terminals to a chassis ground and the 
other to a fused source of battery voltage. !f 
the blower doesn't operate, it is faulty. 

7 ‘If there was no voltage present at the 
blower motor, and the motor itself tested OK, 


9.10 Check the 
blower speed 
Switch for 


continuity 


follow the blower motor ground wire from the 
motor to the chassis and check the ground 
terminal for continuity to ground against the 
chassis metal. If no continuity exists, repair 
the ground circuit as necessary. 

8 Ifthe ground was OK, disconnect the har- 
ness connector from the blower motor resis- 
tor. With the ignition ON (engine not running), 
check for voltage at the resistor connector as 
the blower speed switch is moved to the dif- 
ferent positions. If the voltmeter responds cor- 
rectly to the switch and the blower is known 
to be good then the resistor is probably faulty. 
If there is no voltage present from the switch, 
then the blower motor switch or related wiring 
circuit is faulty. Refer to the wiring diagrams at 
the end of Chapter 12. Note: 7he blower motor 
resistor assembly is located on the blower 
motor housing in the engine compartment. 
There are three resistor elements mounted 
on the resistor board to provide medium low, 
medium high and high blower speeds (LOW 
bypasses the resistor). The blower operates 
continuously, anytime the ignition switch is On 
and the mode switch is in any position other 
than Off. A thermal limiter resistor is integrated 
into the resistor assembly (see illustration), 
near the motor, to prevent heat damage to the 
components. If the thermal limiter circuit has 
been opened as a result of excessive heat, 
it should be replaced only with the identical 
replacement part. Do not replace your blower 
resistor with a resistor that does not incorpo- 
rale the thermal limiter. 

9 To check the blower motor resistor, use 
an ohmmeter to test for continuity between 
the blower motor power terminal (orange/ 
black wire) and the remaining terminals on 
the blower motor resistor. There should be 
continuity at all four terminals with varied 
resistance between them. 

10 Ifthe blower operates, but not at all speeds 
and you have already checked the blower resis- 
tor, refer to Section 12 and remove the heater/ 
air conditioning control panel. Disconnect the 
electrical connector from the back of the blower 
speed switch and test the terminals for conti- 
nuity (see illustration). In the LOW position, 
there should be no continuity between any ter- 
minals; in Medium Low position, there should 
be continuity between terminals 2 and 3; in 
Medium Hi position there should be continuity 
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1992 through 1996 models 


between terminals 2 and 4, and in HI position, 
there should be continuity between terminals 
2 and 1. If the continuity is not as described, 
replace the blower speed switch. 4 

11 Locate the blower motor relay, in the 
relay box in the engine compartment (see 
Chapter 12). Test the relay (see Chapter 12). 
If the relay fails any of the tests, replace the 
relay. 

12 With the blower motor relay removed, 
check for battery voltage to the relay. Refer 
to the wiring diagrams at the end of Chap- 
ter 12. Replace the fuse or repair the circuit to 
the battery if power is not available. 


10 Heater and air conditioning 
blower motor and resistor - 
removal and installation 


Warning: Late models covered by this man- 
ual are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 
airbags. Always disconnect the negative bat- 
tery cable, then the positive battery cable and 
wait two minutes before working in the vicin- 
ity of the impact sensors, steering column or 
instrument panel to avoid the possibility of 
accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 
Do not use any electrical test equipment on 
any of the airbag system wires or tamper with 
them in any way. 


Blower motor 

Refer to illustrations 10.6 and 10.7 

1 Disconnect the cable from the negative 
battery terminal. 

2 Remove the battery and battery tray (see 
Chapter 5) from the engine compartment. 

3 On A/C equipped vehicles, remove the 
mounting bolts from the air conditioning accu- 
mulator and separate the assembly from the 
firewall. Move the assembly to the side with- 
out disconnecting the A/C lines. 

4 Working in the engine compartment, dis- 
connect the blower motor electrical connector 
from the motor. 

5 Remove the blower motor housing tube. 

6 Remove the blower motor cover screws 
(see illustration) and retaining clip. On A/C 
equipped vehicles, rotate the blower motor 
mounting plate until the flat spot on the metal 
plate aligns with the accumulator to allow 
easy removal. 

7 Separate the blower fan from the motor. 


a) On 1992 through 1996 models, the blower 
fan is attached to the blower motor shaft 
with a hub clamp and washer. Loosen 
the clamp and slide it off the shaft. 

b) On 1997 and later models, the blower 
fan is attached to the blower motor shaft 
with a push nut. Grasp the nut with pli- 
ers and pull it off or pry it off with a small 
screwdriver, being careful not to crack 
the push nut or the fan (see illustration). 
To reinstall the nut, push it on to the shaft. 


8 Installation is the reverse of removal. 
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10.6 Location of the blower motor 
screws (arrows) 


Resistor 

9 In the engine compartment, locate the 
resistor on the blower housing near the blower 
motor. 

10 Disconnect the negative cable from the 
battery. 

11 Disconnect the resistor electrical con- 
nector. 

12 Remove the resistor screws and remove 
the resistor from the housing. 

13 installation is the reverse of removal. 


11.2a Location of the glove box 
mounting screws 
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11.2b Slide the glove box from the 
instrument panel and disconnect the 
electrical connector from the power socket 
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10.7 Pry off the retaining clip (arrow) from 
the blower fan motor shaft (arrow) (1997 
and later models) 


11 Heater core - removal and 
installation 


Warning: Late models covered by this manual 
are equipped with Supplemental Restraint Sys- 
tems (SRS), more commonly known as airbags. 
Always disconnect the negative battery cable, 
then the positive battery cable and wait two min- 
utes before working in the vicinity of the impact 
sensors, steering column or instrument panel to 
avoid the possibility of accidental deployment of 
the airbag, which could cause personal injury 
(see Chapter 12). Do not use any electrical test 
equipment on any of the airbag system wires or 
tamper with them in any way. 


Front heating and A/C system 


Removal 

Refer to illustrations 11.1, 11.2a, 11.2b, 11.3 
and 11.5 

1 Working in the engine compartment, 
remove and plug the heater inlet and out- 
let hoses from the heater core. Note: Some 
models use quick disconnect couplings on the 
heater hoses and require coupling tools (see 
illustration). 

2 Access the heater core behind the instru- 
ment panel on the right side of the vehicle. 


11.3 Heater core cover screws (not all are 
visible in this photo) 


11.1 Remove the heater hoses from the 
heater inlet and outlet tubes (arrows) 


a) On 1992 through 2003 models, remove 
the hush panel along the lower edge of 
the instrument panel on the passenger 
side of the vehicle by gently prying it out 
of the retainers. 

b) On 2004 through 2008 models, remove 
the bolts securing the instrument panel 
reinforcement, just behind the trim panel, 
then remove the reinforcement panel 
mounting bracket. 

c) On 2009 and later models, open the 
glove box door and remove the mount- 
ing screws (see illustrations). Slide the 
glove box out of the instrument panel 
and disconnect the harness connector 
for the glove box lighter. 


3 | Remove the heater core cover mounting 
screws (see illustration). 

4 Remove the heater core cover, being 
careful not to tear any sealing material from 
both sides of the heater housing. 

5 Remove the heater core (see illustra- 
tion). 


Installation 
6 Installation is reverse of removal noting 
for the following: 
a) Fill the radiator with the proper type and 
amount of coolant (see Chapter 1). 
b) Start the engine and check for leaks. 


11.5 Remove the heater core from below 
the instrument panel 


11.8 Remove the shoulder strap opening 
covers and slide the seat belt out of the 
finish panel upper section 


Rear heating and A/C system 
Refer to illustrations 11.8, 11.9a, 11.9b, 11.9c, 
11.10, 11.11 and 11.12 

7 Remove the rear seats, if equipped. 

8 Remove the rear seat belt shoulder strap 
opening covers, if equipped (see illustra- 
tion). 

9 Remove the left upper finish trim panel 
(see illustrations). 

10 Remove the left forward trim panel (see 
illustration). Note: /t is only necessary to 
partially remove the trim panel for access to 
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11.9c Remove the screws and detach 
the panel 


11.10 Remove the screws and separate 
the forward trim panel only partially for 
access to the lower rear trim panel 


11.9a Remove the weatherstrip from the 
rear door opening 


the lower rear trim panel. 

11 Remove the lower rear trim panel (see 
illustration). 

12 Remove the heater core cover (see 
illustration). 

13 Detach the heater hoses from the heater 
core. 

14 Remove the heater core case seal and 
the heater core. 

15 Installation is the reverse of removal. 


12 Heater and air conditioning 
control assembly - removal and 
installation 


Refer to illustrations 12.3 and 12.5 

Warning 1: Late models covered by this 
manual are equipped with Supplemental 
Restraint Systems (SRS), more commonly 
known as airbags. Always disconnect the 
negative battery cable, then the positive 
battery cable and wait two minutes before 
working in the vicinity of the impact sensors, 
steering column or instrument panel to avoid 
the possibility of accidental deployment of 
the airbag, which could cause personal injury 
(see Chapter 12). Do not use any electrical 
test equipment on any of the airbag system 


11.11 Location of the lower rear trim panel 
fasteners 


Chapter 3 Cooling, heating and air conditioning systems 


жы. 


11.9» Remove the ріп retainers from the 
left upper finish trim panel near the 
door opening 


wires or tamper with them in any way. 
Warning 2: The air conditioning system is 
under high pressure. DO NOT loosen any fit- 
tings or remove any components until after 
the system has been discharged. Air con- 
ditioning refrigerant should be properly dis- 
charged into an EPA-approved container at a 
dealer service department or an automotive 
air conditioning repair facility. Always wear 
eye protection when disconnecting air condi- 
tioning system fittings. 


Removal 

1 Disconnect the cable from the negative 
battery terminal. 

2 Remove the instrument cluster trim panel 
(see Chapter 12). 

3 Remove the control assembly retaining 
screws (see illustration). 

4 Pull the control assembly out far enough 
through the opening in the panel to allow dis- 
engagement of the electrical connectors for 
the blower switch, vacuum selector valve and 
illumination lamp. 

5 Disconnect electrical connectors (see 
illustration). 

6 Remove the vacuum harness connec- 
tor retaining clips and disconnect the vacuum 
harness. 

7 Remove the control assembly. 


11.12 Auxiliary heater/air 
conditioner details 


1 Heater core cover 
2 Blower motor resistor 
3 Blower motor 
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Installation 

8 Installation is the reverse of removal. 

9 Check for proper operation of all the con- 
trol assembly functions. 


13 Air conditioning system - check 
and maintenance 


Warning: Late models covered by this man- 
ual are equipped with Supplemental Restraint 
Systems (SRS), more commonly known as 
airbags. Always disconnect the negative bat- 
tery cable, then the positive battery cable and 
wait two minutes before working in the vicin- 
ity of the impact sensors, steering column or 
instrument panel to avoid the possibility of 
accidental deployment of the airbag, which 
could cause personal injury (see Chapter 12). 
Do not use any electrical test equipment on 
any of the airbag system wires or tamper with 
them in any way. 

Warning: 7he air conditioning system is under 
high pressure. DO NOT loosen any fittings or 
remove any components until after the system 
has been discharged. Air conditioning refriger- 
ant should be properly discharged into an EPA- 
approved container at a dealer service depart- 
ment or an automotive air conditioning repair 
facility. Always wear eye protection when dis- 
connecting air conditioning system fittings. 
Caution: 1992 and 1993 vehicles use R-12 
refrigerant, later models use К134а refrigerant. 
This refrigerant (and its appropriate refrigerant 
oils) are not compatible with R-12 refrigerant 
system components and must never be mixed 
or the components will be damaged. 

Caution: When replacing entire components, 
additional refrigerant oil should be added equal 
to the amount that is removed with the compo- 
nent being replaced. Be sure to read the can 
before adding any oil to the system, to make 
sure it is compatible with the R-134a system. 
Note: Kits are available at auto parts stores to 
convert R-12 systems to utilize К-134А refrig- 
erant. The kits typically include a new receiver/ 
drier or accumulator, fittings and O-rings. 


Air conditioning system 

1 The following maintenance checks 
should be performed on a regular basis to 
ensure that the air conditioning continues to 


12.3 Remove 
the heater/air 
conditioning control 
assembly retaining 
screws (arrows) (1992 
through 1996 models) 


operate at peak efficiency. 


a) Inspect the condition of the compressor 
drivebelt. If it is worn or deteriorated, 
replace it (see Chapter 1). 

b) Check the drivebelt tension and, if nec- 
essary, adjust it (see Chapter 1). 

c) Inspect the system hoses. Look for 
cracks, bubbles, hardening and deterio- 
ration. Inspect the hoses and all fittings 
for oil bubbles or seepage. If there is any 
evidence of wear, damage or leakage, 
replace the hose(s). 

d) Inspect the condenser fins for leaves, 
bugs and any other foreign material that 
may have embedded itself in the fins. 
Use a "fin comb" or compressed air to 
remove debris from the condenser. 

e) Make sure the system has the correct 
refrigerant charge. 

f) If you hear water sloshing around in the 
dash area or have water dripping on the 
carpet, check the evaporator housing 
drain tube and insert a piece of wire into 
the opening to check for blockage. 


2 Ifs a good idea to operate the system 
for about ten minutes at least once a month. 
This is particularly important during the win- 
ter months because long term non-use can 
cause hardening, and subsequent failure, of 
the seals. Note that using the Defrost function 
operates the compressor. 

3 Ifthe air conditioning system is not work- 
ing properly, proceed to Step 6 and perform 
the general checks outlined below. 

4 Because of the complexity of the air con- 
ditioning system and the special equipment 
necessary to service it, in-depth troubleshoot- 
ing and repairs beyond checking the refriger- 
ant charge and the compressor clutch opera- 
tion are not included in this manual. However, 
simple checks and component replacement 
procedures are provided in this Chapter. For 
more complete information on the air condi- 
tioning system, refer to the Haynes Automo- 
tive Heating and Air Conditioning Manual. 

5 Тһе most common cause of poor cool- 
ing is simply a low system refrigerant charge. 
If a noticeable drop in system cooling ability 
occurs, one of the following quick checks will 
help you determine whether the refrigerant 
level is low. Should the system lose its cooling 
ability, the following procedure will help you 
pinpoint the cause. 
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' 12.5 Disconnect the electrical connectors 


and vacuum harness from the heater/air 
conditioning control assembly 


Check 

Refer to illustration 13.9 

6 Warm the engine up to normal operating 
temperature. 

7 Place the air conditioning temperature 
selector at the coldest setting and put the 
blower at the highest setting. Open the doors 
(to make sure the air conditioning system 
doesn't cycle off as soon as it cools the pas- 
senger compartment). 

8 After the system reaches operating tem- 
perature, feel the two pipes connected to the 
evaporator at the firewall. 

9 The pipe (thinner tubing) leading from the 
expansion (orifice) tube (see Section 17) to 
the evaporator should be cold, and the evapo- 
rator outlet line (the thicker tubing that leads 
back to the compressor) should be slightly 
warmer (about 3 to 10 degrees F warmer). If 
the evaporator outlet is considerably warmer 
than the inlet, or if the evaporator inlet isn't 
cold, the system needs a charge. Insert a 
thermometer in the center air distribution duct 
(see illustration) while operating the air con- 
ditioning system at its maximum setting - the 
temperature of the output air should be 35 to 


TR " za 


13.9 Place an accurate thermometer in the 
center dash vent, turn the air conditioning 
on and check the output temperature 


13.18 А basic charging kit for R-134a 
systems is available at most auto parts 
stores - it must say R-134a (not R-12) and 
so must the can of refrigerant 


40 degrees F below the ambient air tempera- 
ture (down to approximately 40 degrees Ғ). If 
the ambient (outside) air temperature is very 
high, say 110 degrees F, the duct air tempera- 
ture may be as high as 60 degrees F, but gen- 
erally the air conditioning is 35 to 40 degrees 
F cooler than the ambient air. 

10 Ifthe air isn't as cold as it used to be, the 
system probably needs a charge. 

11 Ifthe air warm and the system doesn't 
seem to be operating properly check the 
operation of the compressor clutch. 

12 Have an assistant switch the air condi- 
tioning On while you observe the front of the 
compressor. The clutch will make an audible 
click and the center of the clutch should rotate. 
If it doesn't, shut the engine off and disconnect 
the air conditioning system pressure switch. 
Bridge the terminals of the connector with a 
jumper wire and turn the air conditioning On 
again. If it works now, the system pressure is 
too high or too low. Have your system tested 
by a dealer service department or air condi- 
tioning shop. 

13 |f the clutch stil! didn't operate, check 
the appropriate fuses. Inspect the fuses in the 
interior fuse panel. 

14 Remove the compressor clutch (A/C) 
relay from the relay panel and test it (see 
Chapter 12). With the relay out and the igni- 
tion On, check for battery power at two of the 
relay terminals (refer to the wiring diagrams 
for wire color designations to determine which 
terminals to check). There should be battery 
power with the key On, at the terminals for the 
relay control and power circuits. 

15 Using a jumper wire, connect the ter- 
minals in the relay box from the relay power 
circuit to the terminal that leads to the com- 
pressor clutch (refer to the wiring diagrams 
for wire color designations to determine which 
terminals to connect). Listen for the clutch to 
Click as you make the connection. If the clutch 
doesn't respond, disconnect the clutch con- 
nector at the compressor and check for bat- 
tery voltage at the compressor clutch con- 
nector. Check for continuity to ground on the 
black wire terminal of the compressor clutch 


connector. If power and ground are available 
and the clutch doesn't operate when con- 
nected, the compressor clutch is defective. 

16 |f the compressor clutch, relay and 
related circuits are good and the system is 
fully charged with refrigerant and the com- 
pressor does not operate under normal condi- 
tions, have the computer and related circuits 
checked by a dealer service department or 
other properly equipped repair facility. 

17 Further inspection or testing of the system 
is beyond the scope of the home mechanic and 
should be left to a professional. 


Adding refrigerant 

Refer to illustration 13.18 

Caution: Make sure any refrigerant, refrigerant 
oil or replacement component you purchase 
is designated as compatible with the system 
(R-12 or R-134a) equipped on your vehicle. 

18 Only R-134a systems can be recharged 
by the home mechanic. R-12 systems must 
be recharged by a qualified A/C technician 
using specialized equipment. If your sys- 
tem is R-134a compatible, then purchase an 
R-134a automotive charging kit at an auto 
parts store (see illustration). A charging kit 
includes a 12-ounce can of refrigerant, a tap 
valve and a short section of hose that can be 
attached between the tap valve and the sys- 
tem low side service valve. Because one can 
of refrigerant may not be sufficient to bring the 
system charge up to the proper level, it’s a 
good idea to buy an additional can. Warning: 
Never add more than two cans of refrigerant 
to the system. 

19 Hook up the charging kit by following the 
manufacturer’s instructions. Warning: DO 
NOT hook the charging kit hose to the system 
high side! The fittings on the charging kit are 
designed to fit only on the low side of the sys- 
tem. 

20 Back off the valve handle on the charg- 
ing kit and screw the kit onto the refrigerant 
can, making sure first that the O-ring or rub- 
ber seal inside the threaded portion of the kit 
is in place. Warning: Wear protective eye- 
wear when dealing with pressurized refriger- 
ant cans. 

21 Remove the dust cap from the low-side 
charging port and attach the quick-connect fit- 
ting on the kit hose. 

22 Warm up the engine and turn on the air 
conditioning. Keep the charging kit hose away 
from the fan and other moving parts. Note 1: 
The charging process requires the compres- 
sor to be running. If the clutch cycles off, you 
can put the air conditioning switch on High 
and leave the car doors open to keep the 
clutch on and the compressor working. Note 
2: The compressor can be kept on during the 
charging by removing the connector from the 
pressure cycling switch (located on the accu- 
mulator - refer to Sections 14 and 18) and 
bridging it with a paper clip or jumper wire 
during the procedure. А 
23 Тип the valve handle on the kit unti! the 
stem pierces the can, then back the handle 
out to release the refrigerant. You should be 
able to hear the rush of gas. Add refrigerant 
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to the low side of the system, keeping the can 
upright at all times, but shaking it occasionally. 
Allow stabilization time between each addi- 
tion. Note: The charging process will go faster 
if you wrap the can with a hot-water-soaked 
shop rag to keep the can from freezing up. 

24 |f you have an accurate thermometer, 
you can place it in the center air conditioning 
duct inside the vehicle and keep track of the 
output air temperature (see illustration 13.9). . 
A charged system that is working properly 
should cool down to approximately 40-degrees 
F. If the ambient (outside) air temperature is 
very high, say 110 degrees F, the duct air tem- 


perature may be as high as 60 degrees F, but 


generally the air conditioning is 30-40 degrees 
F cooler than the ambient air. 

25 When the can is empty, turn the valve 
handle to the closed position and release the 
connection from the low-side port. Replace 
the dust cap. 

26 Remove the charging kit from the can 
and store the kit for future use with the pierc- 
ing valve in the UP position, to prevent inad- 
vertently piercing the can on the next use. 


Heating systems 

27 |f the carpet under the heater core is 
damp, or if antifreeze vapor or steam is com- 
ing through the vents, the heater core is leak- 
ing. Remove it (see Section 11) and install a 
new unit (most radiator shops will not repair a 
leaking heater core). 

28 Ifthe air coming out of the heater vents 
isn't hot, the problem could stem from any of 
the following causes: 


a) The thermostat is stuck open, prevent- 
ing the engine coolant from warming up 
enough to carry heat to the heater core. 
Replace the thermostat (see Section 3). 

b) There is a blockage in the system, prevent- 
ing the flow of coolant through the heater 
core. Feel both heater hoses at the firewall. 
They should be hot. If one of them is cold, 
there is an obstruction in one of the hoses 
or in the heater core, or the heater control 
valve is shut. Detach the hoses and back 
flush the heater core with a water hose. If 
the heater core is clear but circulation is 
impeded, remove the two hoses and flush 
them out with a water hose. 

с) If flushing fails to remove the blockage 
from the heater core, the core must be 
replaced (see Section 11). 


Eliminating air conditioning 
odors 

29 Unpleasant odors that often develop in 
air conditioning systems are caused by the 
growth of a fungus, usually on the surface of 
the evaporator core. The warm, humid envi- 


ronment there is a perfect breeding ground for 
mildew to develop. 


.30 The evaporator core on most vehicles 


is difficult to access, and factory dealerships 
have a lengthy, expensive process for elimi- 
nating the fungus by opening up the evapora- 
tor case and using a powerful disinfectant and 
rinse on the core until the fungus is gone. You 
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can service your own system at home, but it 
takes something much stronger than basic 
household germ-killers or deodorizers. 

31 Aerosol disinfectants for automotive air 
conditioning systems are available in most 
auto parts stores, but remember when shop- 
ping for them that the most effective treat- 
ments are also the most expensive. The basic 
procedure for using these sprays is to start 
by running the system in the RECIRC mode 
for ten minutes with the blower on its highest 
speed. Use the highest heat mode to dry out 
the system and keep the compressor from 
engaging by disconnecting the wiring connec- 
tor at the compressor (see Section 14). 

32 The disinfectant can usually comes with a 
long spray hose. If equipped, remove the pas- 
senger compartment air filter, point the nozzle 
inside the hole and to the left towards the 
evaporator core, and spray according to the 
manufacturer's recommendations. On models 
without a cabin air filter, remove the blower 
motor resistor (or air discharge temperature 
sensor, if equipped) and aim the disinfectant 
nozzle through the hole. Try to cover the whole 
surface of the evaporator core, by aiming the 
spray up, down and sideways. Follow the man- 
ufacturer's recommendations for the length of 
spray and waiting time between applications. 
33 Once the evaporator has been cleaned, 
the best way to prevent the mildew from com- 
ing back again is to make sure your evapora- 
tor housing drain tube is clear. 


14 Air conditioning accumulator - 
removal and installation 


Warning: The air conditioning system is under 
high pressure. DO NOT loosen any fittings or 
remove any components until after the system 
has been discharged. Air conditioning refriger- 
ant should be properly discharged into an EPA- 
approved container at a dealer service depart- 
ment or an automotive air conditioning repair 
facility. Always wear eye protection when dis- 
connecting аіг conditioning system fittings. 
Caution: Whenever disconnecting air condi- 
tioning fittings, replace the O-rings and lubri- 
cate them only with manufacturer "refrigerant 
compressor oil," but when system compo- 
nents are replaced, use only PAG compressor 
oil to replenish system lubrication (do not use 
PAG oil on the O-rings). 


Removal 

1 Have the air conditioning system dis- 
charged (see Warning above). 

2  Disconnect the cable from the negative 
battery terminal. 

3 Remove the battery and battery tray (see 
Chapter 5) from the engine compartment. 

4 Disconnect the evaporator discharge 
line. Use caution and install a back-up wrench 
to prevent the line from twisting. 

5  lfequipped with an auxiliary air condition- 
ing system, disconnect the auxiliary evapora- 
tor line using a special spring lock disconnect 
tool. Refer to Chapter 4 for additional informa- 
tion on spring lock disconnect tools. 


6 Unplug the electrical connector from the 
pressure switch near the top of the accumula- 
tor and remove the switch. 

7 Disconnect the refrigerant lines from the 
accumulator using two wrenches to prevent 
component damage or the appropriate quick 
disconnect tool. Cap the lines to prevent con- 
tamination. 

8 Remove the vacuum reservoir. 

9 Remove the accumulator mounting bolts 
and remove the accumulator. 


Installation 

10 Installation is the reverse of removal. 
Replace all O-rings with new ones specifically 
designed for air conditioning systems. Use 
and lubricate them with refrigerant oil of the 
correct type (R-12 or R-134a). 

11 Take the vehicle to the shop that dis- 
charged it and have the system evacuated 
and recharged. 


15 Air conditioning compressor - 
removal and installation 


Warning: 7he air conditioning system is under 
high pressure. DO NOT loosen any fittings or 
remove any components until after the system 
has been discharged. Air conditioning refriger- 
ant should be properly discharged into an EPA- 
approved container at a dealer service depart- 
ment or an automotive air conditioning repair 
facility. Always wear eye protection when dis- 
connecting air conditioning system fittings. 
Caution: Whenever disconnecting аіг condi- 
tioning fittings, replace the O-rings and lubri- 
cate them only with manufacturer “refrigerant 
compressor oil," but when system compo- 
nents are replaced, use only PAG compressor 
oil to replenish system lubrication (do not use 
PAG oil on the O-rings). 

Note: The accumulator and evaporator core 
orifice should be replaced whenever the com- 
pressor is replaced. 


Removal 

1 Have the air conditioning system dis- 
charged (see Warning above). 

2 Drain the cooling system (see Chap- 
ter 1). 

3 Remove the air cleaner housing and air 
intake duct (see Chapter 4). 


1992 through 1996 models 

4 Remove the fan clutch assembly and set 
it inside the fan shroud temporarily (see Sec- 
tion 4). 

5 Remove the fan shroud bolts, then 
remove the shroud and fan clutch. 

6 Remove іһе drivebelt (see Chapter 1) 

7 Disconnect the refrigerant lines from the 
compressor and cover the open fittings to pre- 
vent contamination. 

8  Unbolt the compressor from the mount- 
ing brackets and lift it out of the vehicle. 


1997 and later 4.6L, 5.4L and 6.8L 


models 
Note: The compressor on 1997 and later 4.2L 
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models equipped with the SC115 or the FS10 
model compressor, is mounted to the bracket 
with three large bolts that are easily acces- 
sible from the top of the compressor. 

9 Remove the drivebelt (see Chapter 10). 
10 Raise the vehicle and secure it on jack- 
stands. 

11 Working under the vehicle, remove the 
bolt that retains the manifold tube. 


a) On models equipped with the SC115 
compressor, reach under the right, front 
fenderwell between the frame and body, 
remove the bolt and separate the mani- 
fold tube from the compressor. 

b) On models equipped with the FS10 
compressor, loosen the bolt to the mani- 
fold tube, slide the compressor forward 
and separate the tube from the com- 
pressor. Warning: Be sure to support 
the compressor using a floor jack to 
avoid damaging the compressor or per- 
sonal injury. 

12 Remove the engine splash shield from 
under the vehicle. 

13 Remove the harness connector from the 
crankshaft sensor and position it off to the 
side (see Chapter 6). 

14 Unclip the bracket and separate the wir- 
ing harness from the compressor. 

15 Disconnect the compressor clutch har- 
ness connector. 

16 Access the compressor mounting bolts 
from the frame access hole(s), remove the 
bolts and separate the compressor from the 
engine. Note: The compressor bolts and their 
accessibility vary slightly with the different 
model compressors but use the access holes 
in the frame to ease removal. 


Installation 

17 Ifa new compressor is being installed, 
follow the directions with the compressor 
regarding the draining of excess oil prior to 
installation. 

18 The clutch may have to be transferred 
from the original to the new compressor. 

19 Installation is the reverse of removal. 
Replace all O-rings with new ones specifically 
designed for air conditioning system use and 
lubricate them with refrigerant oil of the cor- 
rect type (R-12 or R-134a). Position the O- 
rings in the manifold. 

20 Have the system evacuated, recharged 
and leak tested by the shop that discharged it. 


16 Air conditioning condenser - 
removal and installation 


Warning: Тһе air conditioning system is under 
high pressure. DO NOT loosen any fittings or 
remove any components until after the system 
has been discharged. Air conditioning refrig- 
erant should be properly discharged into an 
EPA-approved container at a dealer service 
department or an automotive air condition- 
ing repair facility. Always wear eye protection 
when disconnecting air conditioning system 
fittings. 
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Long screen 


а end (inlet) 


Short screen E 


end (outlet) 


Removal 

1 Have the air conditioning system dis- 
charged (see Warning above). 

2  Drainthe cooling system (see Chapter 1). 
3 . Remove the air deflector from the radia- 
tor support. 

4 Remove the upper radiator hose. 

5 Disconnect the refrigerant lines from the 
condenser. Some models may use threaded 
type fittings and others may use a quick-con- 
nect spring lock coupling. On threaded fittings, 
use a back-up wrench to prevent twisting of 
the hard lines. A spring lock coupling tool will 
be required on quick connect type fittings. 
Plug the lines to keep dirt and moisture out. 

6 Remove the two lower bolts attaching 
the condenser to the front radiator supports. 
On 2001 and later models, the condenser is 
retained only by the upper mounting brackets. 
7 | Remove the radiator mounting bolts (see 
Sectíon 5) and tilt the top of the radiator rear- 
wards to gain access to the two top condenser 
attaching bolts. 

8 If equipped with condenser seals, 
remove the retaining pins from the seal strip 
and separate the rubber seal from the con- 
denser. 

9 Remove the attaching bolts and lift the 
condenser out of the vehicle. 


Installation 

10 If the original condenser will be rein- 
stalled, store it with the line fittings on top to 
prevent oil from draining out. 

11 If a new condenser is being installed, 
pour one ounce of refrigerant oil of the correct 
type (R-12 or R-134a) into it prior to installa- 
tion. 

12 Reinstall the components in the reverse 
order of removal. 

13 Have the system evacuated, recharged 
and leak tested by the shop that discharged it. 


17 Air conditioning evaporator 
orifice - removal and installation 


Refer to illustration 17.4 

Warning: The air conditioning system is under 
high pressure. DO NOT loosen any fittings or 
remove any components until after the system 
has been discharged. Air conditioning refriger- 


17.4 The orifice tube 
is equipped with a 
tapered mesh screen 
that must not have 
any holes or damage 


ant should be properly discharged into an EPA- 
approved container at a dealer service depart- 
ment or an automotive air conditioning repair 
facility. Always wear eye protection when dis- 
connecting air conditioning system fittings. 
Caution: Whenever disconnecting air condi- 
tioning fittings, replace the O-rings and lubri- 
cate them only with manufacturer “refrigerant 
compressor oil,” but when system compo- 
nents are replaced, use only PAG compressor 
oil to replenish system lubrication (do not use 
PAG oil on the O-rings). 


Removal 

1 Disconnect the condenser to evaporator 
core refrigerant line. If equipped with threaded 
fittings, use a back-up wrench to prevent twist- 
ing of the hard lines. A spring lock coupling 
tool will be required on quick connect type fit- 
tings. Plug the lines to keep dirt and moisture 
out. 

2 Using the orifice tube removal tool 
engage the notches of the tool with the tabs 
on the orifice by gently rotating the tool. Cau- 
tion: Do not twist the orifice, it can break off 
inside the evaporator or damage the evapora- 
tor inlet tube. 

3 Remove the orifice tube by gently tight- 
ening the collar of the tool while maintaining a 
steady pull on the tee handle of the tool. 

4  Inspect the evaporator inlet for debris 
and clean as necessary (see illustration). 


Installation 

5 Lubricate the inside of the evaporator 
inlet tube and the O-rings of the orifice with 
clean air conditioning refrigerant oil of the cor- 
rect type (R-12 or R-134a). See the Caution 
at the beginning of this Section. 

6  Setthe orifice in the orifice tool and push 
the orifice into the evaporator inlet tube until 
you feel it stop. Remove the tool. 

7  Reattach the condenser to evaporator 
refrigerant line. 

8 Have the system evacuated, recharged 
and leak tested by the shop that discharged it. 


18 Air conditioning pressure cycling А 


switch - replacement 


Note: A Schrader valve in the accumula- 
tor prevents refrigerant loss during pressure 
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cycling switch replacement. 

1  Unplug the electrical connector from the 
pressure cycling switch. 

2  Unscrew the pressure cycling switch from 
the accumulator. 

3  Lubricate the switch O-ring with clean 
refrigerant oil of the correct type (R-12 or 
R-134a). 

4 Screw the new switch onto the accumu- 
lator threads until tight. Do not overtighten. 

5 Беайасһ the electrical connector. 


19 Oil cooler (7.5L engine) - removal 
and installation 


Warning: Wait until the engine is completely 
cool before beginning this procedure. 


Removal 

1 Drain the radiator of coolant. 

2 Remove the lower radiator to oil cooler 
hose. 

3 Disconnect the oil cooler to water pump 
hose. 

4 Remove the oil cooler adapter to engine 
block bolt and remove the oil cooler assembly. 
Note: Some loss of oil will result from residual 
oil in the filter and cooler. 


Installation 

5 Prior to reinstallation, verify that the oil 
cooler-to-engine block seal is present and in 
good condition. 

6 То install, push the oil cooler onto the 
water pump hose and align the arrow on 
the hose with the ridge on the inlet of the oil 
cooler. 

7 Place the oil cooler assembly against the 
engine block and center it over the threaded 
insert in the block. 

8 Install the oil cooler adapter bolt into 
the block and tighten it only hand tight at this 
time. Warning: This is a special hollow bolt 
which allows oil to flow - do not replace it with 
a standard fastener. і 
9 Rotate the ой cooler assembly until the 
adapter housing flange rests against the 
machined boss on the engine block. 

10 Tighten the oil filter adapter-to-engine 
block bolt to the torque listed in this Chapter's 
Specifications. 

11 Install the lower radiator hose to the oil 
cooler and tighten all hose clamps securely. 
12 Install a new oil filter and add approxi- 
mately 1/2-quart of engine oil to the crank- 
case. 

13 Refill the radiator and check for leaks. 
Check the engine oil level and coolant level 
and fill as required (see Chapter 1). 


Chapter 4 


4-1 


Fuel and exhaust systems 


Contents 

Section Section 
Accelerator cable - removal, installation and adjustment.............. 10 Fuel pump/fuel pressure - check .................. eee 3 
Air cleaner housing - removal and installation............................... 9 Fuel pressure regulator - removal and installation ........................ 14 
Air filter гер!асетеппи......................................... EXC See Chapter 1 Fuel pump - removal and installation........................... eee 7 
 ЧЕСКЕМСПЧЕ ПОһї..................з-э-у»---........................ бее Сһаріег 6 Fuel rail and injectors - removal and installation ........................... 15 
FEXITAUSTeSVSLOMM сһПескК..................................................... See Chapter 1 Fuel system елеске. 22 retener erre See Chapter 1 
Exhaust system servicing - general information ............................ 17 Еоеапксеаппа апаітерат serves A 6 
це! Пйеггер!асегтепї..................................................... See Chapter 1 Fuel tank - removal and їпзїа!Їайїоп.............................................. 5 
Fuel injection system - general їпїогтпайїоп................................... 11 General ПОППайбоп а-а 1 
Fuel injection system - check ....................2.2222......... 12 Intake Air. буѕіете 2... ИЕТ E TEN 16 
Fuel level sending unit - check and replacement .......................... 8 Throttle body - removal and installation......................... eene 13 
Fuel lines and fittings - general їпїогтайїоп................................... 4 Underhood hose check and replacement........................ See Chapter 1 
Fuel pressure relief ргосейиге....................................................... 2 
Specifications 


Fuel pressure 
Fuel system pressure 
4.9L inline six-cylinder engine 
Key on, engine off........................ r E ен акаа 
КУ Өт Cine fU ШӨ КО REO 2 
4.2L V6 
КЕЛЕПШЕШшШРӘГ 222 -................................... 
Кей Отеп More UV Jo REESE TOTO ETE OILS 
5.0L, 5.8L and 7.4L V8 engines 
1995 and earlier 
Ке GR, PURIS CM /................................................................. 
СУУ (өті, СӘШЕШТЕУТЛІТШІЛІЕ| сн... 
1996 
Кеа SIRO] MENON Е ананна 
ЗУУ Сет, Бо У 
4.6L апа 5.4L V8 engines 
2008 and earlier 
еу Шетте -2............020222.2.222...-... 
К cii, erene О РОТА 
2009 and later 
Кел ош е шае 
Кеуде епо Шеп o oerte 
6.8L V10 engine 
2006 and earlier 
KEV Gin), ешаше о соо Е 
07 917), ТС) Т 2. 
2007 апа 2008 
KEV оп 2 ecce 
KEV (о]л}, АД ЛӘ аа 2. 222... 
2009 апа Іаќег 
KEN Oli, СОЈА ооо 2... 
Кемопиентетттна 2... 
Fuel system hold pressure (after 5 minutes) ...................... ee 
Fuel pump pressure (тахітиті)...................2.... 2 е. 


50 to 60 psi 
45 to 60 psi 


35 to 45 psi 
28 to 45 psi 


35 to 45 psi 
30 to 40 psi 


35 to 45 psi 
28 to 45 psi 


35 to 45 psi 
28 to 45 psi 


55 to 65 psi 
55 to 65 psi 


35 to 45 psi 
28 to 45 psi 


40 to 50 psi 
55 to 65 psi 


55 to 65 psi 
55 to 65 psi 
30 to 40 psi 
70 psi 
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Injector resistance 


4.91, 5.01, 5.8L and 7.5L епдіпеѕ....................... 
ДЕСІЗертшев и а... ае 
4.6L, 5.41 апа 6.8L епдіпеѕ................................ 


Torque specifications 


Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch-pounds (in-Ibs) 


11 to 18 ohms 
9 to 16 ohms 
11 to. 18 ohms 
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Ft-Ibs (unless otherwise indicated) 


of torque. Torque values below approximately 15 foot-pounds are 


expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 


Throttle body mounting nuts 


4:2lRenditi el КН... 
4.9L, 5.0L, 5.8L and 7.5L епдіпеѕ.............-.... 


4.6L, 5.4L and 6.8L engines 


Models through 2003................................ 


2004 and later 


EGR valve-to-intake manifold 


Models through 2000... 


2001 and later 


ШЕР ees i Rer E 
Fuel pressure regulator mounting bolts ............... 


Fuel rail mounting bolts 


4.2L, 4.9L, 5.0L, 5.8L and 7.5L engines......... 
4.6L, 5.4L апа 6.8L епдіпезѕ........................... 
Exhaust pipe-to-exhaust manifold bolts............... 


1 General information 


The fuel system consists of a fuel tank, 
an electric fuel pump (located in the fuel tank), 
a fuel pump relay, the fuel rail and fuel injec- 
tors, an air cleaner assembly and a throttle 
body unit. All models are equipped with an 
Electronic Fuel Injection (EFI) system. 


Electronic Fuel Injection (EFI) 


system 

Electronic Fuel Injection uses timed 
impulses to inject the fuel directly into the 
intake port of each cylinder according to 
its firing order. The injectors are controlled 
by the Powertrain Control Module (PCM) 
or On-Board computer. The PCM monitors 
various engine parameters and delivers the 
exact amount of fuel required into the intake 
ports. The throttle body serves only to control 
the amount of air passing into the system. 
Because each cylinder is equipped with its 
own injector, much better control of the fuel/ 
air mixture ratio is possible. 

The fuel pressure regulator is mounted 
in different locations depending on the year 
and engine. 1992 through 2003 models use a 
return-type fue! system with the fuel pressure 
regulator mounted on the fuel rail. 2004 and 
later models are equipped with a returnless- 
type fuel system. 


Return-type fuel system (1992 
through 2003 models) 


Fuel is circulated from the fuel tank to the 


sébarsvsrvoscdessocosoovoseccotooson 15 


METEO 30 


90 in-Ibs 


80 in-Ibs 


80 in-Ibs 


Е Ра nece 15 


89 in-Ibs 


EE OSEE SPERO o n 15 
Rotate and additional 90 degrees 


35 in-Ibs 


90 in-Ibs 
89 іп-Ірв 


fuel injectors and back to the fuel tank through 
a pair of metal lines running along the under- 
side of the vehicle. The fuel pressure regula- 
tor bleeds off excess fuel, which is delivered 
back to the fuel tank via the fuel return line. 


Returnless Fuel system (2004 and 
later models) 

Fuel is circulated from the fuel tank to 
the fuel injectors through a metal line running 
along the underside of the vehicle. An elec- 
tric fuel pump/fuel level sending unit is located 
inside the fuel tank. The fuel pump/fue! level 
sending unit assembly consists of the pump, 
the fuel level sending unit, an inlet filter 
(sometimes referred to as a sock or strainer), 
a check valve to maintain pressure after the 
pump is shut off and a pressure relief valve to 
protect the pump from overpressurization in 
the event of a blocked fuel line. 


Electronic Returnless Fuel System 
(ERFS) - 2004 through 2008 models 

What sets this fuel system apart from 
conventional in-tank pumps is its variable 
speed capability. The PCM controls fuel pres- 
sure by controlling the speed of the pump. The 
PCM alters the fuel pressure by controlling 
the duty cycle of the Fuel Pump Driver Mod- 
ule (FPDM), which in turn controls the speed 
of the fuel pump by modulating the voltage to 
the fuel pump. 


Mechanical returnless fuel system 
(MRFS) - 2009 and later, and 2001 and 
2002 5.4L models 


This system incorporates the fuel pres- 


Rotate an additional 90 degrees 


sure regulator as an integral component of 
the fuel pump/fue! level sending unit that is 
located in the fuel tank. 


Fuel pump and lines 

An electric fuel pump and fuel level send- 
ing unit is located inside the fuel tank. 

“Тһе fuel pump relay is equipped with a 
primary and secondary voltage circuit. The 
primary circuit is controlled by the PCM and 
the secondary circuit is linked directly to bat- 
tery voltage from the ignition switch. With the 
ignition switch ON (engine not running), the 
PCM will ground the relay for one second. 
During cranking, the PCM grounds the fuel | 
pump relay as long as the ignition signal is 
present (see Chapter 5). If there are no ref- 
erence pulses from the ignition system, the 
fuel pump will shut off after two or three sec- | 
onds. 

On 2008 and earlier models, an inertia 
switch (located behind the passenger side 
kick panel) will disable the fuel pump circuit 
in the event of collision. The inertia switch 
is a cylindrical magnet with a steel ball that 
will release (breakaway) and trip a shutdown 
lever when the vehicle inertia reaches a cer- 
tain peak value. 

On 2009 and later models, the Restraints 
Control Module disables the fuel pump in the 
event of a collision of sufficient force to deploy 


` the airbags. In this System, collision informa- 


tion is shared from the Airbag and Restraints 
Control Module with the fuel pump and fuel 
delivery system. 
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2.1 This aftermarket fuel pressure testing 
kit contains all the necessary fittings and 
adapters, along with the fuel pressure 
gauge, to test most automotive 
fuel systems 


Exhaust system 

The exhaust system includes an exhaust 
manifold, diverter pipes fitted with upstream 
(before catalytic converter) and downstream 
(after catalytic converter) oxygen sensors, a 
catalytic converter and a muffler. 

The catalytic converter is an emission 
control device added to the exhaust system 
to reduce pollutants. A single-bed converter 
is used in combination with a three-way 
(reduction) catalyst. Refer to Chapter 6 for 
more information regarding the catalytic con- 
verter. 


2 Fuel pressure relief procedure 


Refer to illustration 2.1 

Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. Don't smoke or 
allow open flames or bare light bulbs near 
the work area, and don't work in a garage 
where a gas-type appliance (such as a water 
heater or a clothes dryer) is present. Since 
gasoline is carcinogenic, wear fuel-resistant 
gloves when there's a possibility of being 
exposed to fuel, and, if you spill any fuel on 
your skin, rinse it off immediately with soap 
and water. Mop up any spills immediately 
and do not store fuel-soaked rags where 
they could ignite. The fuel system is under 
constant pressure, so, if any fuel lines are 
to be disconnected, the fuel pressure in the 
system must be relieved first. When you per- 
form any kind of work on the fuel system, 
wear safety glasses and have a Class B type 
fire extinguisher on hand. 

Note: After the fuel pressure has been 
relieved. it's a good idea to lay a shop towel 
over any fuel connection to be disassembled, 
to absorb the residual fuel that may leak out 
when servicing the fuel system. 


я eec, емее 


2.7a Separate the passenger’s side kick 
panel from the beam 


2003 and earlier models/2009 


and later models 

1 There аге two methods for relieving the 
fuel system pressure; the easiest and most 
accessible is using a special fuel pressure 
gauge with a bleed-off valve (see illustra- 
tion). This special too! can be purchased at 
most auto parts stores. In the event the tool is 
not available, locate the inertia switch and dis- 
able the fuel pump (2003 and earlier models 
only). 


Fuel pressure gauge bleeding 
method 

2 Remove the engine cover. Locate the 
fuel pressure test port on the fuel rail and 
install the fuel pressure gauge onto the 
Schrader valve. 

3  Directthe bleed-off hose into a metal cup 
or suitable container for gasoline storage. 

4 Тит the valve and allow the excess fuel 
to bleed into the container. 

5 Close the valve, remove the fuel pres- 
sure gauge and cap the test port. 


Inertia switch method 

Refer to illustrations 2.7a and 2.7b 

Note: 2009 and later models use information 
from the Restraints Control Module (RCM) to 
disable the fuel pump. These later systems 
are NOT equipped with an inertia switch. 

6 The fuel pump switch - sometimes called 
the "inertia switch" - which shuts off fuel to the 
engine in the event of a collision, affords a 
simple and convenient means by which fuel 
pressure can be relieved before servicing fuel 
injection components. The switch is located 
behind the passenger's side kick panel. 

7 _Unplug the inertia switch electrical con- 
nector (see illustrations). 

8  Startthe engine and allow it to run until it 
stops. This should take only a few seconds. 

9 The fuel system pressure is now relieved. 
When you're finished working on the fuel 
system, simply plug the electrical connector 


2.7b The inertia switch (arrow) is located 
behind the passenger side kick panel. 
Disconnect the electrical connector to 
disable the fuel pump 


back into the switch. If the inertia switch was 
"popped" (activated) during this procedure, 
push the reset button on the top of the switch. 


2004 through 2008 models 


10 Remove the fuel pump fuse from the 
underhood fuse/relay box. : 

11 Start the engine and allow it to stall. 

12 After the engine stalls, crank the engine 
for about five seconds to make sure the fuel 
pressure is relieved. 

13 Turn the ignition switch to the Off posi- 
tion, then disconnect the cable from the nega- 
tive terminal of the battery before performing 
any work on the fuel system. 


3 Fuel pump/fuel pressure - check 


Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. See the Warning 
in Section 2. 

Note 1: То perform the fuel pressure test, you 
will need to obtain a fuel pressure gauge and 
adapter set (fuel line fittings). 

Note 2: The fuel pump will operate as long as 
the engine is cranking or running and the PCM 
is receiving ignition reference pulses from the 
electronic ignition system. If there are no ref- 
erence pulses, the fuel pump will shut off after 
two or three seconds. 

Note 3: After the fuel pressure has been 
relieved, it’s a good idea to lay a shop towel 
over any fuel connection to be disassembled, 
to absorb the residual fuel that may leak out 
when servicing the fuel system. 


Preliminary check 

Refer to illustration 3.2 

1 Should the fuel system fail to deliver 
the proper amount of fuel, or any fuel at all, 
inspect it as follows. Remove the fuel filler 
cap. Have an assistant turn the ignition key 


3.2 Remove the fuel pump fuse and make 
sure it is not blown (2001 model shown) 


А Fuel pump fuse 
В Fuel pump relay 


to the On position (engine not running) while 
you listen at the fuel filler opening. You should 
hear a whirring sound that lasts for a couple 
of seconds. 

2 Ifyou don’t hear anything, check the fuel 
pump fuse (see Chapter 12). If the fuse is 
blown, replace it and see if it blows again (see 
illustration). If it does, trace the fuel pump 
circuit for a short. Refer to the wiring diagrams 
at the end of Chapter 12. 

3 Check for battery voltage to the fuel 
pump relay connector and the PCM relay 
connector. If there is battery voltage pres- 
ent, have the relay(s) tested at a dealer ser- 
vice department or other qualified automotive 
repair shop. Note 1: Тһе inertia switch is an 
electrical device wired into the fuel pump cir- 
cuit that will shut down power to the fuel pump 
in an accident. Be sure to check that the iner- 
tia switch is activated and in working order if 
the fuel pump is not receiving the proper уой- 
age (see Section 2). Note 2: The fuel pump 
relay is equipped with a primary and second- 
ary voltage circuit. The primary circuit is con- 
trolled by the PCM and the secondary circuit 


3.14 Detach the vacuum line from the fuel 
pressure regulator and verify vacuum is 
present when the engine is running 


3.7 Connect the fuel pressure gauge to 
the test port on the fuel rail 


is linked directly to battery voltage from the 
ignition switch. With the ignition switch ON 
(engine not running), the PCM will ground the 
relay for one second. During cranking, the 
PCM grounds the fuel pump relay as long as 
the reference signal from the ignition system 
is received (see Chapter 5). If there are no 
reference pulses, the fuel pump will shut off 
after two or three seconds. Refer to the wiring 
schematics at the end of Chapter 12 for addi- 
tional information on the wiring color designa- 
tions for the fuel pump relay. 

4 If there is no voltage present, check the 
fuse(s) and the wiring circuit for the fuel pump 
relay and/or PCM power relay (see Chapter 
12). If voltage is present, check for battery 
voltage at the fuel pump harness connector 
located near the fuel tank. if voltage is reaching 
the fuel pump, remove the fuel pump and have 
it checked by a dealer service department or 
other qualified automotive repair facility. 


Pressure check 

Note: /n order to perform the fuel pressure 
test, you will need a fuel pressure gauge 
capable of measuring high fuel pressure. The 
fuel gauge must be equipped with the proper 
fitting required to attach it to the test port. To 
test the fuel pressure regulator, a fuel shut off 
valve must be installed in the fuel return line 
with the necessary adapters. 

5 Relieve the fuel system pressure (see 
Section 2). 

6 Іп addition to a fuel pressure gauge 
capable of reading fuel pressure up to 70 
psi, you'll need a hose and an adapter suit- 
able for connecting the gauge to the test port 
on the fuel rail (2003 and earlier models and 
2009 and later models) or into the fuel system 
between the fuel delivery line and the fuel rail 
(2004 through 2008 models). 


Return-type fuel system (1992 
through 2003 models) 

Refer to illustrations 3.7, 3.12 and 3.14 

7 Remove the cap from the fuel pressure 


test port and attach a fuel pressure gauge 
(see illustration). 


8 Turn the ignition key to the On position 
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3.12 Connect a hand-held vacuum pump 
to the fuel pressure regulator and read 
fuel pressure with vacuum applied. 
Pressure should decrease as 
vacuum is increased 


and note the reading on the gauge. Compare 
the pressure reading with the value listed in 
this Chapter’s Specifications. 

9 Start the engine and check the fuel pres- 
sure at idle. Compare your readings with the 
values listed in this Chapter's Specifications. 
Disconnect the vacuum hose from the fuel 
pressure regulator and watch the fuel pres- 
sure gauge - the fuel pressure should jump up 
considerably as soon as the hose is discon- 
nected. If it doesn't, check for a vacuum signal 
to the fue! pressure regulator (see Step 14). 
10 ІҒіһе fuel pressure is low, pinch the fuel 
return line shut and watch the gauge. If the 
pressure doesn't rise, the fuel pump is defec- 
tive or there is a restriction in the fuel feed line. 
If the pressure rises sharply, replace the pres- 
sure regulator. Note: /f the vehicle is equipped 
with a nylon fuel return line (or fuel lines made 
up of steel or other rigid material), it will be 
necessary to install a special fuel testing har- 
ness between the fuel rail and the return line. 
This can be made up from compatible fuel line 
connectors (available at a dealer parts depart- 
ment and some auto parts stores), fuel hose 
and hose clamps. 

11 If the fuel pressure is too high, turn the 
engine off. Disconnect the fuel return line 
and blow through it to check for a blockage. 
If there is no blockage, replace the fuel pres- 
sure regulator. 

12 Hook up a hand-held vacuum pump to 
the port on the fuel pressure regulator (see 
illustration). 

13 Read the fuel pressure gauge with vac- 
uum applied to the fuel pressure regulator and 
also with no vacuum applied. The fuel pressure 
should decrease as vacuum increases (and 
increase as vacuum decreases). 

14 Connect a vacuum gauge to the pres- 
sure regulator vacuum hose (see illustra- 
tion). Start the engine and check for vacuum. 
If there isn't vacuum present, check for a 
clogged hose or vacuum port. If the amount 
of vacuum is adequate, replace the fuel pres- 
sure regulator. 
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15 Turn the ignition switch to OFF, wait five 
minutes and recheck the pressure on the 
gauge. Compare the reading with the hold 
pressure listed in this Chapter’s Specifications. 
If the hold pressure is less than specified: 


a) The fuel lines may be leaking. 

b) The fuel pressure regulator may be allow- 
ing the fuel pressure to bleed through to 
the return line. 

с) A fuel injector(s) may be leaking. 

d) The fuel pump may be defective. 


Returnless fuel system (2004 and 
later models) 

Note: Some models are equipped with a fuel 
pressure test port mounted onto the fuel rail. 
Follow the fuel pressure gauge installation 
procedure in Step 7 but follow the fuel pres- 
Sure testing procedure for the гештіе fuel 
systems. 

16 On 2004 through 2008 models, discon- 
nect the quick-connect fitting at the connec- 
tion between the fuel delivery hose and the 
fuel rail (see Section 4). Tee into the fuel pres- 
sure gauge between the fuel delivery hose 
and the fuel rail. 

17 On 2009 and later models, connect the 
fuel pressure gauge to the test port on the fuel 
rail. 

18 Turn the ignition key to the On position 
and note the reading on the gauge. Compare 
the pressure reading with the value listed in 
this Chapter's Specifications. 

19 Start the engine and let it idle. The fuel 
pressure should be within the operating range 
listed in this Chapter's Specifications. If the 
pressure reading is within the specified range, 
the system is operating correctly. 


2004 through 2008 models 

19 If the fuel pressure is higher than speci- 
fied, then the fuel pressure and temperature 
sensor (on the fuel rail), the Fuel Pump Driver 
Module (FPDM), the Powertrain Control Mod- 
ule (PCM) or the circuit connecting these com- 
ponents is probably defective. But checking 
this circuit is beyond the scope of the home 
mechanic, so have the circuit checked by a 
professional. 

20 if the fuel pressure is lower than speci- 
fied, inspect the fuel delivery lines and hoses 
for an obstruction or a kink. Also inspect all fuel 
delivery line and hose quick-connect fittings for 
leaks. Replace the fuel filter (see Chapter 1) 
and re-check the pressure. If the pressure is 
still low, remove the fuel pump/fuel level send- 
ing unit assembly (see Section 6) and inspect 
the fuel pump inlet strainer for restrictions. If 
everything looks okay, the fuel pump might 
be the cause. The fuel pressure and tempera- 
ture- sensor (on the fuel rail), the Fuel Pump 
Driver Module (FPDM), the Powertrain Control 
Module (PCM) or the circuit connecting these 
components might be defective. But checking 
this circuit is beyond the scope of the home 
mechanic, so have the circuit checked by a 
professional. 


2009 and later models 
21 If the fuel pressure is higher than speci- 
fied, then the fuel pump/fuel pressure regula- 


tor assembly (part of the fue! pump module) is 
probably defective. 

22 If the fuel pressure is lower than speci- 
fied, inspect the fuel delivery lines and hoses 
for an obstruction or a kink. Also inspect all 
fuel delivery line and hose quick-connect fit- 
tings for leaks. If the lines, hoses, connec- 
tions and the fuel filter are all in good shape, 
remove the fuel pump/fuel level sending unit 
assembly (see Section 6) and inspect the fuel 
pump inlet strainer for restrictions. If every- 
thing else is okay, replace the fuel pump (see 
Section 6). 


All models 

23 Тит the ignition switch to OFF, wait five 
minutes and recheck the pressure on the 
gauge. Compare the reading with the hold 
pressure listed in this Chapter's Specifications. 
If the hold pressure is less than specified: 


a) The fuel delivery line or a quick-connect 
fitting might be leaking. 
b) A fuel injector (or injectors) may be leak- 
ing. 
c) The fuel pump might be defective. 
24 After the testing is complete, relieve the 
fuel pressure (see Section 2), remove the fuel 
pressure gauge and, on 2004 through 2008 
models, reconnect the fuel delivery line to the 
fuel rail (see Section 4). 


4  Fuellines and fittings - general 
information 


Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. See the Warning 
in Section 2. 


Push-connect fittings - 


disassembly and reassembly 

1 The manufacturer uses two different 
push-connect fitting designs. Fittings used 
with 3/8 and 5/16-inch diameter lines have a 
“hairpin” type clip; fittings used with 1/4-inch 
diameter lines have a “duck bill” type clip. The 
procedure used for releasing each type of fit- 
ting is different. The clips should be replaced 
whenever a connector is disassembled. 

2 Disconnect all push-connect fittings from 


Же 


омы... ы. 


4.5 A hairpin clip type push-connect fitting 


fuel system components such as the fuel fil- 
ter, the fuel charging assembly, the fuel tank, 
etc. before removing the assembly. 


3/8 and 5/16-inch fittings 

(hairpin clip) 

Refer to illustration 4.5 

3 Inspect the internal portion of the fitting 
for accumulations of dirt. If more than a light 
coating of dust is present, clean the fitting 
before disassembly. 

4 Some adhesion between the seals in the 
fitting and the line will occur over a period of 
time. Twist the fitting on the line, then push 
and pull the fitting until it moves freely. 

5 Remove the hairpin clip from the fitting by 
bending the shipping tab down until it clears 
the body. Then, using nothing but your hands, 
spread each leg about 1/8-inch to disengage 
the body and push the legs through the fitting. 
Remember, don't use any tools to perform 
this part of the procedure. Finally, pull lightly 
on the triangular end of the clip and work it 
clear of the line and fitting (see illustration). 
6  Grasp the fitting and hose and pull it 
straight off the line. 

7 Оо not reuse the original clip in the fit- 
ting. A new clip must be used. 

8 Before reinstalling the fitting on the line, 
wipe the line end with a clean cloth. Inspect 
the inside of the fitting to ensure that it's free 
of dirt and/or obstructions. 

9 To reinstall the fitting on the line, align 
them and push the fitting into place. When the 
fitting is engaged, a definite click will be heard. 
Pull on the fitting to ensure that it's completely 
engaged. To install the new clip, insert it into 
any two adjacent openings in the fitting with 
the triangular portion of the clip pointing away 
from the fitting opening. Using your index fin- 
ger, push the clip in until the legs are locked 
on the outside of the fitting. 


1/4-inch fittings (duck bill clip) 

Refer to illustrations 4.10, 4.13 and 4.14 

10 The duck bill clip type fitting consists of a 
body, spacers, O-rings and the retaining clip 
(see illustration). The clip holds the fitting 
securely in place on the line. One of the two 
following methods must be used to discon- 
nect this type of fitting. 


4.10 A push-connect fitting with 
a duck bill clip 


4.13 Remove the safety clamp 


11 Before attempting to disconnect the fit- 
ting, check the visible internal portion of the 
fitting for accumulations of dirt. If more than a 
light coating of dust is evident, clean the fitting 
before disassembly. 

12 Some adhesion between the seals in the 
fitting and line will occur over a period of time. 
Twist the fitting on the line, then push and pull 
the fitting until it moves freely. 

13 Remove the safety clamp from the fuel 
line (see illustration). 

14 The preferred method used to discon- 
nect the fitting requires a special tool. To dis- 
engage the line from the fitting, align the slot in 
the push-connect disassembly tool, available 
at most auto parts stores, with either tab on 
the clip (90-degrees from the slots on the side 
of the fitting) and insert the tool (see illustra- 
tion). This disengages the duck bill from the 
line. Note: Some fuel lines have a secondary 
bead which aligns with the outer surface of 
the clip. The bead can make tool insertion dif- 
ficult. If necessary, use the alternative disas- 
sembly method described in Step 16. Holding 
the tool and the line with one hand, pull the 
fitting off. Note: Only moderate effort is nec- 


4.26b Open the spring-loaded halves of 

the spring lock coupling tool and place 

it in position around the coupling, then 
close it 


4.14 Duck bill clip fitting disassembly 
using the speciai tool 


essary if the clip is properly disengaged. The 
use of anything other than your hands should 
not be required. 

15 After disassembly, inspect and clean the 
line sealing surface. Also inspect the inside of 
the fitting and the line for any internal parts 


. that may have been dislodged from the fit- 


ting. Any loose internal parts should be imme- 
diately reinstalled (use the line to insert the 
parts). 

16 The alternative disassembly procedure 
requires a pair of small adjustable pliers. The 
pliers must have a jaw width of 3/16-inch or 
less. 

17 Align the jaws of the pliers with the open- 
ings in the side of the fitting and compress the 
portion of the retaining clip that engages the 
body. This disengages the retaining clip from 
the body (often one side of the clip will dis- 
engage before the other - both sides must be 
disengaged). 

18 Pull the fitting off the line. Note: Only 
moderate effort is required if the retaining clip 
has been properly disengaged. Do not use 
any tools for this procedure. 

19 Once the fitting is removed from the line 


4.26c To disconnect the coupling, push . 
the tool into the cage opening to expand 
the garter spring and release the female 
fitting, then pull the male and female 
fittings apart 
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4.26a If the spring lock couplings are 
equipped with safety clips, pry them 
off with a small screwdriver 


end, check the fitting and line for any inter- 
nal parts that may have been dislodged from 
the fitting. Any loose internal parts should be 
immediately reinstalled (use the line to insert 
the parts). 

20 The retaining clip will remain on the 
line. Disengage the clip from the line bead 
to remove it. Do not reuse the retaining clip - 
install a new one! 

21 Before reinstalling the fitting, wipe the 
line end with a clean cloth. Check the inside 
of the fitting to make sure that it's free of dirt 
and/or obstructions. 

22 То reinstall the fitting, align it with the 
line and push it into place. When the fitting is 
engaged, a definite click will be heard. Pull on 
the fitting to ensure that it's fully engaged. 

23 Install the new replacement clip by 
inserting one of the serrated edges on the 
duck bill portion into one of the openings. 
Push on the other side until the clip snaps 
into place. 


Spring lock couplings - 
disassembly and reassembly 
Refer to illustrations 4.26a, 4.26b and 4.26c 
24 The fuel supply and return lines used 
on EFI engines utilize spring lock couplings 
at the engine fuel rail end instead of plastic 
push-connect fittings. The male end of the 
spring lock coupling, which is girded by two 
O-rings, is inserted into a female flared end 
engine fitting. The coupling is secured by a 
garter spring which prevents disengagement 
by gripping the flared end of the female fitting. 
A cup-tether assembly provides additional 
security. 

25 То disconnect the 1/2-inch spring lock 
coupling supply fitting, you will need to obtain 
a spring lock coupling tool, available at most 
auto parts sales stores. Be aware that 1/2- 


. inch and 3/8-inch fittings require different 


tools. 

26 Study the accompanying illustrations 
carefully before detaching either spring lock 
coupling fitting (see illustrations). 
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5 Fueltank - removal and 
installation 


Refer to illustration 5.7 

Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. See the Warning 
in Section 2. 

Note 1: Don't begin this procedure until the 
gauge indicates that the tank is empty or 
nearly empty. If the tank must be removed 
when it’s full (for example, if the fuel pump 
malfunctions), siphon any remaining fuel from 
the tank prior to removal. 

Note 2: Some models have the fuel tank 
mounted to the left frame rail near the middle 
of the vehicle, while on others the tank is 
mounted between the frame rails behind the 
rear axle. Tank removal procedures are simi- 
lar. 

1 Relieve the fuel pressure (see Sec- 
tion 2). 

2 Detach the cable from the negative ter- 
minal of the battery. 

3 Unless the vehicle has been driven far 
enough to completely empty the tank, it's 
a good idea to siphon the residual fuel out 
before removing the tank from the vehicle. 
Warning: DO NOT start the siphoning action 
by mouth! Use a siphoning kit (available at 
most auto parts stores). 

4 Raise the vehicle and support it securely 
on jackstands. 

5 Determine the location of the fuel tank. 
Depending on the model and optional equip- 
ment, the fuel tank may be located either for- 
ward of the rear axle or behind the rear axle. 
6 If equipped, remove the fue! tank skid 
plate mounting bolts and lower the assembly. 
7 | Remove the fuel tank filler hose and 
vapor hose from the fuel filler neck and the 
fuel tank (see illustration) and slide the 
assembly from the vehicle. 

8 Place a floor jack under the tank and 
position a block of wood between the jack pad 
and the tank. Raise the jack until it's support- 
ing the tank. 

9 Disconnect the fuel lines (see Section 4) 
and EVAP vapor lines. Note: Disconnect the 
fuel tank pressure sensor, if equipped (1997 
and later models). 


5.7 Loosen the hose 
clamps and remove 


the hoses from 
the fuel filler and 
overflow pipes 


10 Disconnect the electric fuel pump and 
sending unit electrical connector. It may be 
necessary to lower the fuel tank slightly to 
access the components located directly on 
top of the fuel tank (see Step 11). 

11 Remove the bolts that retain the fuel tank 
mounting straps. The straps are hinged at the 
other end so you can swing them out of the 
way. Note: On some late model fuel tanks, 
it will be necessary to remove the bolts from 
one side of the fuel tank and the nuts from the 
other side of the tank and drop the fuel tank 
and the tank straps as a complete assembly. 
12 Lower the tank far enough to unplug any 
vapor lines or wire harness brackets that may 
be difficult to reach when the fuel tank is in the 
vehicle. 

13 Slowly lower the jack while steadying the 
tank. Remove the tank from the vehicle. 

14 |f you're replacing the tank, or having it 
cleaned or repaired, refer to Section 6. 

15 Refer to Section 7 to remove and install 
the fuel pump or Section 8 to replace the 
sending unit. 

16 Installation is the reverse of removal. 
Clean engine oil can be used as an assembly 
aid when pushing the fuel filler neck back into 
the tank. 

17 Make sure the fuel tank heat shields are 
assembled correctly onto the fuel tank before 
reinstalling the tank in the vehicle. 

18 Carefully angle the fuel tank filler neck 
into the filler pipe assembly and lift the tank 
into place. 


6 Fuel tank - cleaning and repair 


1 Fuel tanks may be steam-cleaned to 
remove sediment or rust in the bottom of the 
tank. Remove the fuel tank sending unit/fuel 
pump and vapor valve prior to cleaning. Allow 
plenty of time for the tank to air dry before 
returning it to service. 

2 Repairs to the steel fuel tank or filler pipe 
should be performed by a professional with 
the proper training to carry out this critical and 
potentially dangerous job. Even after cleaning 
and flushing, explosive fumes can remain and 
could explode during repair of the tank. 

3 The polyethylene fuel tank cannot be 
repaired. No reliable repair procedures are 


Bb us 


SS > oie 


7.6 Using paint or a marker, highlight 
the alignment marks on the fuel pump 
assembly (late model shown) 


available to correct leaks or damage. Fuel 
tank replacement is the only approved ser- 
vice. 

4 Ifthe fuel tank is removed from the vehi- 
cle, it should not be placed in an area where 
sparks or open flames could ignite the fumes 
coming out of the tank. Be especially careful 
inside garages where a gas-type appliance is 
located, because the appliance could cause 
an explosion. 

5 Whenever the fuel tank is steam-cleaned 
or otherwise serviced, the vapor valve assem- 
bly should be replaced. All grommets and 
seals must be replaced to prevent possible 
leakage. 


7 Fuel pump - removal and 
installation 


Refer to illustrations 7.6, 7.7, 7.8, 7.10, 7.11 
and 7.12 

Warning: Gasoline is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. See the Warning 
in Section 2. 

1 Relieve the fuel pressure (refer to Sec- 
tion 2). 

2  Detach the cable from the negative ter- 
minal of the battery. 

3 Unless the vehicle has been driven far 
enough to completely empty the tank, it's 
a good idea to siphon out the residual fuel 
before removing the fuel pump from the vehi- 
cle. Warning: DO NOT start the siphoning 
action by mouth! Use a siphoning kit (avail- 
able at most auto parts stores). 

4 Raise the vehicle and support it securely 
on jackstands. i 

5 Remove the fuel tank from the vehicle 
(see Section 5). Note: A special fuel pump 
line removal tool, available at most auto parts 
stores, may be required to disconnect the fuel 
lines from the fuel pump (see Section 4). 

6 Use paint or a marking pen to highlight 
the alignment marks that are scribed into the 
fuel pump assembly and the fuel tank (see 
illustration). 


7.7 Remove the mounting bolts (arrows) 
from the fuel pump assembly 


7 Remove the fuel pump assembly from 
the fuel tank. 


a) On a lock ring type assembly, turn the 
lock ring counterclockwise, until it's 
loose, using a special tool designed for 
fuel pump removal. Remove the lock 
ring. Note: The special fuel pump lock 
ring tool is available at automotive tool 
suppliers and some auto parts retail- 
ers. If the special tool is not available, 
use a hammer and a brass punch to 


7.11 Disconnect the fuel pump electrical 
connector from the fuel pump 


7.8 Carefully angle the fuel pump out of 
the fuel tank without damaging the 
fuel strainer 


turn the lock ring. 

b) On a bolt/nut type assembly, remove the 
mounting bolts (see illustration) from 
the fuel pump assembly. 


8  Carefully pull the fuel pump assembly 
from the tank (see illustration). 

9 Remove the old seal ring and discard it. 
10 |f you're planning to reinstall the origi- 
nal fuel pump unit, remove the strainer (see 
illustration) by prying it off with a screwdriver, 
wash it in clean solvent, then push it back 


P 


7.12 Loosen the fuel pump mounting 
clamp bolt 


8.5 Connect the 
ohmmeter probes 
to the connector 
and check the 
resistance of the 
sending unit with the 


float positioned on 

"empty" and "full." 

Check for a smooth 
change in resistance 
as the float is moved 
between the positions 
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7.10 Remove the C-clip from the base of 
the fuel pump then separate the 
strainer from the fuel pump 


into place on the pump. If you're installing a 
new fuel pump/sending unit, the assembly will 
include a new strainer. 

11 To separate the fuei pump from the 
assembly, remove the clamp and disconnect 
the electrical connector from the fuel pump 
(see illustration). 

12 Remove the fuel pump mounting clamp 
bolt (see illustration). 

13 Clean the fuel pump mounting flange 
and the tank mounting surface and seal ring 
groove. 

14 Installation is the reverse of removal. 
Apply a thin coat of heavy grease to the new 
seal ring to hold it in place during assembly. 


8 Fuel level sending unit - check 
and replacement 


Check 

Refer to illustration 8.5 

1 Remove the fuel tank and the fuel pump/ 
fuel level sending unit assembly (see Sections 
5 and 7). 

2 Connect the probes of an ohmmeter 
to the fuel level sensor terminals of the fuel 
pump electrical connector. Refer to the wir- 
ing diagrams at the end of Chapter 12 for the 
appropriate terminals. 

3 Position the float in the down (empty) 
position and note the reading on the ohmme- 
ter. 

4 Move the float up to the full position while 
watching the meter. 

5 Ifthe fuel level sending unit resistance 
does not change smoothly as the float travels 
from empty to full (see illustration), replace 
the fuel level sending unit assembly. 


Replacement 


'Refer to illustration 8.9 


6 Remove the fuel tank (see Section 5). 

7 | Remove the fuel pump assembly mount- 
ing screws (1997 and later) or threaded 
retainer (1992 through 1996) (see Section 7). 
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8.9 Remove the fuel level sending 
unit bolts (arrows) from the fuel pump 
assembly frame 


8 Carefully angle the fuel pump/fuel level 
sending unit out of the opening without dam- 
aging the fuel level float located at the bottom 
of the assembly. 

9 Remove the mounting bolt (see illustra- 
tion) and hamess connectors. 

10 Installation is the reverse of removal. 

11 Be sure to install a new rubber gasket. 


9  Aircleaner housing - removal 
and installation 


1 Detach the cable from the negative ter- 
minal of the battery. 

2 Disconnect the IAT sensor, the MAF sen- 
sor, the PCV hose and the IAC inlet hose. 
Note: Depending on the engine size and 
model year, the location and the types of elec- 
trical connectors will vary slightly. 

3 Remove the air filter (see Chapter 1). 


1992 through 1996 models 


4 Remove the air cleaner inlet and outlet 
ducts from the air cleaner assembly. 

5 Remove the air cleaner cover from the 
assembly and remove the air cleaner element 
(see Chapter 1). 

6 Remove the air cleaner mounting bolts 
and lift the air cleaner housing assembly. 

7 installation is the reverse of removal. 


1997 and later models 


Refer to illustration 9.9 

8 Remove the air cleaner outlet duct at the 
throttle body and the air cleaner assembly. 

9 Remove the mounting bolts from the air 
cleaner assembly (see illustration) and lift 
the air cleaner housing from the engine com- 
partment. 

10 installation is the reverse of removal. 


10 Accelerator cable - removal, 
installation and adjustment 


Note: On 2005 and later models, the throttle 
body does not have an accelerator cable. The 
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9.9 Remove the bolts (arrows) from the 
air cleaner housing 


10.4b First, remove the cruise control 
cable (A) then the accelerator cable (B) 


electronic throttle body has a large electrical 
connector - to disconnect it, pull out the red 
clip first. 


Removal 

Refer to illustrations 10.4a, 10.4b, 10.5 

and 10.6 

1 Remove the accelerator control protec- 
tion shield. 

2 Detach the cruise control cable end from 
the throttle lever. 

3 Detach the accelerator cable from the 
throttle lever. 

4 Separate the accelerator cable from the 
cable bracket. 

a) On 1992 through 1996 models, pry the 
cable end off the throttle body ball stud 
(see illustration). 

b) On 1997 and later models, pinch the 
retaining tabs and push the cable through 
the bracket opening (see illustration). 

5 Disconnect the accelerator cable from 
the pedal (see illustration). 

6 Pull the cable end out from the accel- 
erator pedal recess in the driver's compart- 


10.4a Using a screwdriver, gently pry 
the cable end off of the throttle body bail 
stud (arrow) and disconnect the cable 
from the bracket 


10.5 Disconnect the cable end from the 
accelerator pedal assembly (arrow) 


ment (see illustration). 

7 Disconnect any cable clips or brackets 
securing the accelerator cable. 

8 Remove the cable through the firewall 
from the engine compartment. 


= à Beat 


10.6 Depress the cable housing retaining 
clips (arrow) and push the cable 
through the bulkhead 
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Installation 

9 Installation is the reverse of removal. 
Be sure the cable is routed correctly and the 
grommet seats completely in the firewall. 

10. If necessary, at the engine compartment 
side of the firewall, apply sealant around the 
accelerator cable to prevent water from enter- 
ing the passenger compartment. 


Adjustment 

11 Measure the freeplay by firmly gripping 
the cable and pressing it down from the cable 
housing. There should be a slight amount of 
cable freeplay. 

12 If there is no cable freeplay or the cable 
is binding and not allowing the throttle lever to 
completely close, replace the cable. 


11 Fuel injection system - general 
information 


Electronic Fuel Injection (EFI) 
system (1992 through 
1996 models) 


The Electronic Fuel Injection (EFI) sys- 
tem is a multi-point fue! injection system. 
On the EFI system, fuel is metered into 
each intake port, pulsed in groups, in accor- 
dance with engine demand through injectors 
mounted on an intake manifold. For example, 
on the 4.9L inline six cylinder engine, the 
injectors are energized in two sets of three 
injectors, 1, 3, 5 in one group and 2, 4, 6 in 
the other group. Each group is energized 
every crankshaft rotation. V8 engines are typi- 
cally grouped in banks. Right bank is 1, 2, 3, 4 
and the left bank is 5, 6, 7, 8. The intake mani- 
fold incorporates an upper intake manifold to 
aid in air flow and distribution. Each engine 
uses a slightly different upper intake manifold 
design and fuel rail arrangement. The throttle 
body is mounted to the upper intake manifold. 


Sequential Electronic Fuel 
Injection (SEFI) system 
(1997 and later models) 


The Sequential Electronic Fuel Injection 
(SEFI) system is a multi-point fuel injection 
system. On the SEFI system, fuel is metered 
into each intake port in sequence with the 
engine firing order in accordance with engine 
demand through one injector per cylinder 
mounted on a tuned intake manifold. The 
intake manifold incorporates an air intake ple- 
num to aid in air flow and distribution. Each 
engine uses a slightly different plenum design 
and fuel rail arrangement. The 4.2L engine 
uses a one-piece plenum mounted with twelve 
bolts. The air intake plenum bolts to the top of 
the intake manifold which sits directly in the 
middle of the engine block. The 4.6L, 5.4L 
and 6.8L engines incorporate an upper intake 
manifold with the Intake Manifold Tuning (IMT) 
system mounted to the lower section. The 
throttle body is mounted to the upper intake 


manifold but the IMT valve and assembly is 
mounted below onto the lower section (see 
Chapter 2D for additional information). 

The 4.2L engine is equipped with the 
intake Manifold Runner Control (IMRC) sys- 
tem. The IMRC system controls the air intake 
charge by opening or closing the butterfly 
valve on the secondary intake valve directly at 
the intake manifold. By closing the butterfly to 
the secondary intake valves under 3,000 rpm, 
low end driveability is improved. Above 3,000 
rpm the butterfly valves open to increase 
high-end performance. The butterfly valves 
are controlled by the IMRC actuator and cable 
assembly. 

4.6L, 5.4L and 6.8L engines are equipped 
with the Intake Manifold Tuning (IMT) system. 
The IMT system controls the air intake charge 
by opening or closing the Intake Manifold Tun- 
ing Valve located in the center of the air intake 
manifold, directly below the air intake plenum. 
By closing the IMTV, the dual plenum design 
sends the air intake charge through a single 
corridor into the intake system of the engine. 
Above 3,000 rpm, the IMTV is opened, allow- 
ing the intake pulses to blend together at the 
intake manifold thereby creating a more effi- 
cient air/fuel intake charge for the additional 
rpm and engine load. 

The Sequential Electronic Fuel Injec- 
tion system incorporates an on-board Elec- 
tronic Engine Control (EEC-V) computer that 
accepts inputs from various engine sensors to 
compute the required fuel flow rate necessary 
to maintain a prescribed air/fuel ratio through- 
out the entire engine operational range. The 
computer then outputs a command to the 
fuel injectors to meter the approximate quan- 
tity of fuel. The system automatically senses 
and compensates for changes in altitude, 
load and speed. Note: The computer termi- 
nology has changed from Electronic Control 
Module (ECM) to.the Powertrain Control 
Module (PCM) due to standardization of the 
Self Diagnosis system within the automotive 
industry. 


Fuel delivery system 

The fuel delivery systems include an 
electric in-tank fuel pump which forces pres- 
surized fuel through a series of metal and 
plastic lines and an inline fuel filter/reservoir 
to the fuel rail and injectors. The SEFI system 
uses a single high-pressure pump mounted 
inside the tank. 

The fuel rail assembly incorporates 
an electrically actuated fuel injector directly 
above each intake port. When energized, the 
injectors spray a metered quantity of fuel into 
the intake air stream. | 

А constant fuel pressure drop is main- 
tained across the injector nozzles by a fuel 
pressure regulator. On 2003 and earlier 
models (return-type fuel systems), the fuel 
pressure regulator is located on the fuel rail. 
Excess fuel passes through the regulator and 
is returned to the fuel tank through the fuel 
return line. On 2004 through 2008 models, the 
fuel pressure and temperature sensor, PCM 
and Fuel Pump Driver Module control the fuel 
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pressure by modulating the speed of the fuel 
pump. 2009 and later models incorporate 
a fuel pressure regulator located in the fuel 
pump assembly in the fuel tank. This device 
bleeds off excess fuel back into the fuel tank 
to regulate fuel pressure. 

On the SEF! system, each injector is 
energized once every other crankshaft revolu- 
tion in sequence with engine firing order. The 
period of time that the injectors are energized 
(known as “on time” or "pulse width") is con- 
trolled by the PCM. Air entering the engine is 
sensed by speed, pressure and temperature 
sensors. The outputs of these sensors are 
processed by the PCM. The computer deter- 
mines the needed injector pulse width and 
outputs a command to the injector to meter 
the exact quantity of fuel. 


12 Fuel injection system - check 


Warning: Gasolíne is extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. See the Warning 
in Section 2. 

Note: The following procedure is based on 
the assumption that the fuel pump is working 
and the fuel pressure is adequate (see Sec- 
tion 3). 


Preliminary checks 

1 Check all electrical connectors that are 
related to the system. Loose electrical con- 
nectors and poor grounds can cause many 
problems that resemble more serious mal- 
functions. 

2 Check to see that the battery is fully 
charged, as the control unit and sensors 
depend on an accurate supply voltage in 
order to properly meter the fuel. 

3 Check the air filter element - a dirty or 
partially blocked filter will severely impede 
performance and economy (see Chapter 1). 

4 Check the related fuses. If a blown fuse 
is found, replace it and see if it blows again. If 
it does, search for a grounded wire in the har- 
ness to the fuel pump (see Chapter 12). 


System checks 

Refer to illustrations 12.7, 12.8 and 12.9 

5 Check the condition of the vacuum hoses 
connected to the intake manifold. 

6 Remove the air intake duct from the throt- 
tle body and check for dirt, carbon or other 
residue build-up in the throttle body, particu- 


larly around the throttle plate. Caution: The | 


throttle body on late models is coated with a 
sludge-resistant material designed to protect 
the bore and throttle plate. Do not attempt to 
clean the interior of the throttle body with car- 
buretor or other spray cleaners. This throttle 
body is designed to resist sludge accumula- 


: lion and cleaning may impair the performance 


of the engine. Consult with a dealer parts 
department for additional information. 

7 With the engine running, place an auto- 
motive stethoscope against each injector, 
one at a time, and listen for a clicking sound, 
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12.7 Use a stethoscope or screwdriver 

to determine if the injectors are working 

properly - they should make a steady 

clicking sound that rises and falls as 
engine speed changes 


indicating operation (see illustration). If you 
don't have a stethoscope, you can place the 
tip of a long screwdriver against the injector 
and listen through the handle. 

8 Ifan injector isn't functioning (not click- 
ing), purchase a special injector test light 
(sometimes called a “noid” light) and install 
it into the injector electrical connector (see 
illustration). Start the engine and check 
to see if the noid light flashes. If it does, the 
injector is receiving proper voltage. If it doesn't 
flash, further diagnosis should be performed 
by a dealer service department or other prop- 
erly equipped repair facility. 

9 With the engine OFF and the fuel injector 
electrical connectors disconnected, measure 
the resistance of each injector (see illustra- 
tion). Check the Specifications listed in this 
Chapter for the correct injector resistance. 

10 The remainder of the system checks can 
be found in Section 13, 14 and 15 and Chap- 
ter 6. 


13 Throttle body - removal and 
installation 


Caution: Тһе throttle body on late models 
is coated with a sludge-resistant material 
designed to protect the bore and throttle plate. 
Do not attempt to clean the interior of the 
throttle body. The throttle body is designed to 
resist sludge accumulation and cleaning may 
impair the performance of the engine. Consult 
with a dealer parts department for additional 
information. 


Removal 

Refer to illustration 13.5 

1 Detach the cable from the negative ter- 
minal of the battery. 

2 Remove the air cleaner housing (see 
Section 9). On 2004 and later 5.4L models, 
drain the cooling system (see Chapter 1) and 
disconnect the two coolant hoses from the 
throttle body. 


12.8 Install the fuel injector test light or 
"noid light" into the fuel injector electrical 
connector and confirm that it blinks when 
the engine is cranked or running 


13.5 Typical throttle body and mounting 
bolt locations (arrows) 


3 Detach the throttle position sensor (TPS) 
and Idle Air Control (IAC) valve electrical con- 
nectors. 

4 Disconnect the accelerator cable (see 
Section 10) and the Throttle Valve (TV) cable 
from the throttle body. On 2005 and later mod- 
els, the throttle body does not have an accel- 
erator cable. The electronic throttle body has 
a large electrica! connector - to disconnect it, 
pull out the red clip first. 

5 Remove the throttle body mounting nuts 
(see illustration). 

6 Remove and discard the throttle body 
gasket. 


Installation 

7 Clean the gasket mating surfaces. If 
scraping is necessary, be careful not to dam- 
age the gasket surfaces or allow material 
to drop into the manifold. Installation is the 
reverse of removal. Be sure to tighten the 
throttle body mounting nuts to the torque 
listed in this Chapter's Specifications. 
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12.9 Measure the resistance of each 
injector. It should be within Specifications 


14 Fuel pressure regulator - removal 
and installation 


Warning: Gasoline із extremely flammable, 
80 take extra precautions when you work on 
any part of the fuel system. See the Warning 
in Section 2. 

Note: This procedure does not apply to 2004 
and later models with returnless fuel systems. 


Check 


Note: This procedure assumes the fuel filter 
is in good condition and there are no leaks 
within the entire fuel rail and hoses network 
from the engine to the fuel tank. 

1  Referto the fuel system pressure checks 
in Section 3. 


Replacement 

2 Relieve the fuel pressure from the sys- 
tem (see Section 2). 

3 Disconnect the cable from the negative 
terminal of the battery. 

4 Remove the air cleaner housing (see 
Section 9). 

5 Clean any dirt from around the fuel pres- 
sure regulator. 

6 Detach the vacuum hose from the fuel 
pressure regulator. 

7 Remove the fuel pressure regulator: 


a) On 1992 through 1999 models, remove 
the two bolts retaining the fuel pressure 
regulator and detach the regulator from 
the fuel rail. 

b) On 2000 and later models, remove the 
retaining clip from the circumference of 
the outer body of the fuel pressure regu- 
lator and wiggle the regulator from the 
fuel rail. 

8 Install new O-rings on the pressure reg- 
ulator and lubricate them with a light coat of 
oil. 

9 Installation is the reverse of removal. 
Tighten the pressure regulator mounting bolts 
securely. 


* 


15.4 Detach the fuel line from the fuel rail 


15 Fuel rail and injectors - removal 
and installation 


Warning: Gasoline ís extremely flammable, 
so take extra precautions when you work on 
any part of the fuel system. See the Warning 
in Section 2. 


Removal 

Refer to illustrations 15.4, 15.9a, 15.9b 

and 15.11 

1 Relieve the fuel pressure (see Sec- 
tion 2). 

2 Detach the cable from the negative ter- 
minal of the battery. 

3 Remove the air cleaner housing (see 
Section 9). * 

4 Using the special spring lock coupling 
tool, disconnect the fuel feed and return lines 
from the fuel rail assembly (see illustration). 
Note: Refer to Section 4 for additional infor- 
mation on disconnecting fuel lines. 

5 Disconnect the fuel injector connectors. 

6 Remove the upper intake manifold, if 
necessary: 


a) On 4.9L, 5.0L, 5.8L and 7.5L engines, 
remove the upper intake manifold (see 
Chapters 2A and 2C) 

b) On 4.2L engines, remove the upper 
intake manifold (see Chapter 2B). 

c) On 4.6L, 5.4L and 6.8L engines, it will 
not be necessary to remove the intake 
manifold. 

7 Remove the EGR tube from the intake 
manifold and the exhaust manifold (see 
Chapter 6). Note: There are a variety of dif- 
ferent types of EGR systems and EGR tubes 
for the various engines. Refer to Chapter 6 for 
additional information. 

8 Disconnect the PCV hose from the 
engine (see Chapter 6). 

9 Remove the fuel rail mounting bolts (see 
illustrations). 

10 Carefully remove the fuel rail with the 
fuel injectors attached as an assembly. 

11 Use a rocking, side-to-side motion while 
lifting to remove the injectors from the fuel rail 
(see illustration). 


15.9b The fuel гай is mounted with bolts 
on each side of the air intake plenum - 
4.2L engine 


Installation 

Refer to illustrations 15.12a and 15.12b 

12 Inspect the injector O-rings (two per 
injector) for signs of deterioration (see illus- 
trations). Replace as required. Note: As jong 
as you have the fuel rail off, it’s a good idea to 
replace all of the O-rings. 

13 Inspect the injector plastic "hat" (cover- 


15.12a Remove the O-ring from the top of 
the fuel injector... 
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15.9a Fuel rail 
mounting bolt 


locations (arrows) - 
4.2L engine 


15.11 A firm pull will disengage the fuel 
injector from the fuel rail 


ing the injector pintle) and washer for signs of 
deterioration. Replace as required. If the hat 
is missing, look for it in the intake manifold. 
14 Ensure that the injector caps are clean 
and free of contamination. 

15 Place the fuel rail over each of the injec- 
tors and seat the injectors into the fuel rail. 
Ensure that the injectors are well seated in 


15.12b ...then remove the lower O-ring 
from the injector 
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the fuel rail assembly. Note: /t may be easier 
to seat the injectors in the fuel rail and then 
seat the entire assembly in the lower intake 
manifold. 

16 Secure the fuel rail assembly with the 
retaining bolts and tighten them to the torque 
listed in this Chapter’s Specifications. 

17 The remainder of installation is the 
reverse of removal. 


16 Intake Air Systems 


Intake Manifold Runner 
Control (IMRC) system 
(4.2L models) 


General information 

1 The IMRC system controls the air intake 
charge by opening or closing the butterfly 
valve on the secondary intake valve directly 
at the intake manifold. By closing the butterfly 
to the secondary intake valves under 3,000 
rpm, low end driveability is improved. Yet 
above 3,000 rpm the butterfly valves open to 
increase high-end performance. The butterfly 
valves are controlled by the IMRC actuator 
and cable assembly. 

2 The IMRC system is difficult to check 
and requires a special SCAN tool to access 
the PCM for information and operating condi- 
tions. Have the system diagnosed by a dealer 
service department or a qualified repair shop. 


Replacement 

Refer to illustrations 16.4 

3 Remove the upper intake manifold (see 
Chapter 2B). 

4 Remove the bolts that retain the IMRC 
actuator assembly to the cylinder head/intake 
manifold area (see illustration). 

5 Disconnect the actuator cable from the 
lever on the intake manifold runner. 

6 Installation is the reverse of removal. 


Intake Manifold Tuning (IMT) 
system (4.6L, 5.4L and 
6.8L models) 


General information 

7 Тһе ІМТ system controls the air intake 
charge by opening or closing the Intake Mani- 
fold Tuning Valve located in the center of the 
air intake manifold, directly below the air 
intake plenum. By closing the IMTV, the dual 
plenum design sends the air intake charge 
through a single corridor into the intake sys- 
tem of the engine. Above 3,000 rpm, the IMTV 
is opened, allowing the intake pulses to blend 
together at the intake manifold thereby creat- 


ing a more efficient air/fuel intake charge for 
the additional rpm and engine load. 

8 Тһе IMT system is difficult to check and 
requires a special SCAN tool to access the 
PCM for information and operating condi- 
tions. Have the system diagnosed by a dealer 
service department or other qualified repair 
shop. 


Replacement 

9 Remove the intake manifold from the 
engine (see Chapter 2D) and then remove the 
lower section from the intake manifold. 

10 Remove the bolts that retain the IMT 
valve to the lower air intake plenum. 

11 Installation is the reverse of removal. 


17 Exhaust system servicing - 
general information 


Warning: /nspection and repair of exhaust 
system components should be done only 
after enough time has elapsed after driving 
the vehicle to allow the system components to 
cool completely. Also, when working under the 
vehicle, make sure it is securely supported on 
jackstands. 

1 The exhaust system consists of the 
exhaust manifold(s), the catalytic converter, 
the muffler, the tailpipe and all connecting 
pipes, brackets, hangers and clamps. The 
exhaust system is attached to the body with 
mounting brackets and rubber hangers. If any 
of the parts are improperly installed, exces- 
sive noise and vibration will be transmitted to 
the body. 

2 Conduct regular inspections of the 
exhaust system to keep it safe and quiet. 
Look for any damaged or bent parts, open 
seams, holes, loose connections, excessive 


16.4 Remove the 
IMRC actuator 
mounting bolts 


(arrows) 


corrosion or other defects which could allow 
exhaust fumes to enter the vehicle. Deterio- 
rated exhaust system components should not 
be repaired; they should be replaced with new 
parts. 

3 Ifthe exhaust system components аге 
extremely corroded or rusted together, weld- 
ing equipment will probably be required to 
remove them. The convenient way to accom- 
plish this is to have a muffler repair shop 
remove the corroded sections with a cutting 
torch. If, however, you want to save money 
by doing it yourself (and you don't have a 
welding outfit with a cutting torch), simply 
cut off the old components with a hacksaw. If 
you have compressed air, special pneumatic 
cutting chisels can also be used. If you do 
decide to tackle the job at home, be sure to 
wear safety goggles to protect your eyes from 
metal chips and work gloves to protect your 
hands. 

4 Here are some simple guidelines to fol- 
low when repairing the exhaust system: 


a) Work from the back to the front when 
removing exhaust system components. 

b) Apply penetrating oil to the exhaust sys- 
tem component fasteners to make them 
easier to remove. 

c) Use new gaskets, hangers and clamps 
when installing exhaust systems compo- 
nents. 

d) Apply anti-seize compound to the threads 
of all exhaust system fasteners during 
reassembly. 

e) Be sure to allow sufficient clearance 
between newly installed parts and all 
points on the underbody to avoid over- 
heating the floor pan and possibly dam- 
aging the interior carpet and insulation. 
Pay particularly close attention to the 
catalytic converter and heat shield. 
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1 General information 


The engine electrical systems include all 
ignition, charging and starting components. 
Because of their engine-related functions, 
these components are discussed separately 
from body electrical devices such as the lights, 
the instruments, etc. (which are included in 
Chapter 12). 


Precautions 
Always observe the following precau- 
tions when working on the electrical system: 


a) Be extremely careful when servicing 
engine electrical components. They are 
easily damaged if checked, connected or 
handled improperly. 

b) Never leave the ignition switched on for 
long periods of time when the engine is 
not running. 

c) Never disconnect the battery cables 
while the engine is running. 

а) Maintain correct polarity when connect- 
ing battery cables from another vehicle 
during jump starting - see the “Booster 
battery (jump) starting” section at the 
front of this manual. 

e) Always disconnect the negative battery 
cable before working on the electrical 
system. 


It's also a good idea to review the safety- 
related information regarding the engine elec- 
trical systems located in the “Safety first!" sec- 
tion at the front of this manual, before begin- 
ning any operation included in this Chapter. 


Battery disconnection 

Several systems on the vehicle require 
battery power to be available at all times, 
either to ensure their continued operation 
(such as the clock) or to maintain control unit 
memories (such as that in the engine man- 
agement system's computer [ECM/PCM]) 
which would be wiped out if the battery were 
to be disconnected. Therefore, whenever the 
battery is to be disconnected, first note the fol- 


lowing to ensure that there are no unforeseen 
consequences of this action: 

a) First, on any vehicle with power door 
locks, it is a wise precaution to remove 
the key from the ignition and to keep it 
with you, so that it does not get locked 
inside if the power door locks should 
engage accidentally when the battery is 
reconnected! 

b) The engine management system’s ECM/ 
PCM will lose the information stored in 
its memory when the battery is discon- 
nected. This includes idling and operat- 
ing values, and any fault codes detected 
(see Chapter 6). Whenever the bat- 
tery is disconnected, the information 
relating to idle speed control and other 
operating values will have to be re-pro- 
grammed into the unit's memory. Тһе 
ECM/PCM does this by itself, but until 
then, there may be surging, hesitation, 
erratic idle and a generally inferior level 
of performance. To allow the ECM/PCM 
to relearn these values, start the engine 
and run it as close to idle speed as pos- 
sible until it reaches its normal operat- 
ing temperature, then run it for approxi- 
mately two minutes at 1200 rpm. Next, 
drive the vehicle as far as necessary 
- approximately 5 miles of varied driving 
conditions is usually sufficient - to com- 
plete the relearning process. 


Devices known as “memory-savers” can 
be used to avoid some of the above problems. 
Precise details vary according to the device 
used. Typically, it is plugged into the cigarette 
lighter, and is connected by its own wires to a 
spare battery; the vehicle’s own battery is then 
disconnected from the electrical system, leav- 
ing the “memory-saver’ to pass sufficient cur- 
rent to maintain audio unit security codes and 
ECM/PCM memory values, and also to run 
permanently live circuits such as the clock, all 
the while isolating the battery in the event of 
a short-circuit occurring while work is carried 
out. Warning: Some of these devices allow a 


3.2 To test the open circuit voltage of the 
battery, connect a voltmeter to the battery 
- a fully charged battery should measure 
at least 12.4 volts (depending on 
outside air temperature) 


3.3 Connect a battery load tester 
to the battery and check the battery 
condition under load following the tool 
manufacturers instructions 


considerable amount of current to pass, which 
can mean that many of the vehicle's systems 
are still operational when the main battery is 
disconnected. If a “тетогу-вауе!” is used, 
ensure that the circuit concerned is actually 
“dead” before carrying out any work on it! 


2 Battery - emergency jump 
starting 


Refer to the Booster battery (jump) 
starting procedure at the front of this manual. 


3 Battery – check and replacement 


Warning: Hydrogen gas is produced by the 
battery, so keep open flames and lighted ciga- 
rettes away from it at all times. Always wear 
eye protection when working around a bat- 
tery. Rinse off spilled electrolyte immediately 
with large amounts of water. 


Check 

Refer to illustrations 3.2 and 3.3 

1 The battery's surface charge must 
be removed before accurate voltage mea- 
surements can be made. Turn On the high 
beams for ten seconds, then turn them Off, 
let the vehicle stand for two minutes. Remove 
the battery from the vehicle (see Steps 4 
through 10). 

2 Check the battery state of charge. Visu- 
ally inspect the indicator eye on the top of the 
battery; if the indicator 'eye is clear, charge 
the battery as described in Chapter 1. Next 
perform an open voltage circuit test using a 
digital voltmeter (see illustration). With the 
engine and all accessories Off, connect the 
negative probe of the voltmeter to the nega- 
tive terminal of the battery and the positive 
probe to the positive terminal of the battery. 
The battery voltage should be 12.4 volts or 
more. If the battery is less than the specified 
voltage, charge the battery before proceeding 
to the next test. Do not proceed with the bat- 
tery load test unless the battery charge is cor- 
rect. 

3 Perform a battery load test. An accurate 
check of the battery condition can only be per- 
formed with a load tester (available at most 
auto parts stores). This test evaluates the 
ability of the battery to operate the starter and 
other accessories during periods of heavy 
amperage draw (load). Install a special bat- 
tery load testing tool onto the terminals (see 
illustration). Load test the battery accord- 
ing to the tool manufacturer's instructions. 
This tool utilizes a carbon pile to increase the 
load demand (amperage draw) on the bat- 
tery. Maintain the load on the battery for 15 
seconds or less and observe that the battery 
voltage does not drop below 9.6 voits. If the 
battery condition is weak or defective, the tool 
will indicate this condition immediately. Note: 
Cold temperatures will cause the minimum 
voltage requirements to drop slightly. Follow 
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3.6 Remove the bolt and the wedge that 


the chart given in the tool manufacturer's 
instructions to compensate for cold climates. 
Minimum load voltage for freezing tempera- 
tures (32 degrees F) should be approximately 
9.1 volts. 


Replacement 

Refer to illustrations 3.6 and 3.8 

4 Disconnect the cable from the negative 
battery terminal. 

5 Disconnect the positive battery cable. 

6 Remove the battery retainer bolt and 
retainer (see illustration). 

7 Remove the battery and place it on a 
workbench. Remove the battery insulator. 
Note: Battery handling tools are available at 
most auto parts stores for a reasonable price. 
They make it easier to remove and carry the 
battery. 

8 While the battery is removed, inspect the 
tray, retainer brackets and related fasteners for 
corrosion or damage (see illustration). 

9 If corrosion is evident, remove the bat- 
tery tray and use a baking soda/water solution 
to clean the corroded area to prevent further 


pe 
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4.4 Battery cable details 


Negative cable ground nut 
B* terminal 
Ignition enable terminal 
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holds the base of the 
battery to the battery tray 
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oxidation. Repaint the area as necessary 
using rust resistant paint. 

10 Clean and service the battery and cables 
(see Chapter 1). 

11 If you are replacing the battery, make 
sure you purchase one that is identical to 
yours, with the same dimensions, amperage 
rating, cold cranking amps rating, etc. Make 
sure it is fully charged prior to installation in 
the vehicle. 

12 Installation is the reverse of removal. 
Connect the positive cable first and the nega- 
tive cable last. 

13 After connecting the cables to the bat- 
tery, apply a light coating of petroleum jelly or 
grease to the connections to help prevent cor- 
rosion. 


4 Battery cables - check and 
replacement 


Refer to illustration 4.4 

1 Periodically inspect the entire length of 
each battery cable for damage, cracked or 
burned insulation and corrosion. Poor battery 
cable connections can cause starting prob- 
lems and decreased engine performance. 

2 Check the cable-to-terminal connections 
at the ends of the cables for cracks, loose 
wire strands and corrosion. The presence of 
white, fluffy deposits under the insulation at 
the cable terminal connection is a sign that 
the cable is corroded and should be replaced. 
Check the terminals for distortion, missing 
mounting bolts and corrosion. 

3 When removing the cables, always dis- 
connect the negative cable first and hook it up 
last or the battery may be shorted by the tool 
used to loosen the cable clamps. Even if only 
the positive cable is being replaced, be sure 
to disconnect the negative cable from the bat- 
tery first. 

4 Remove the battery tray (see Section 3) 
and remove the negative battery cable ground 
nut (see illustration). 


3.8 Remove the mounting bolts for the battery tray - some later 
models have four mounting bolts 


5 Remove the starter B+ terminal connec- 
tion and the ignition enable connection from 
the starter relay switch. 

6 Remove the battery cable; the solenoid 
connection and the ground connection from 
the starter motor. 

7 Remove the shield from below the engine 
compartment, remove the transmission cooler 
line bracket at the front of the engine block 
and pull the battery cable through the engine 
support crossmember. 

8 Remove the battery cable(s) from the 
engine compartment. 

9 Clean the threads of the relay or ground 
connection with a wire brush to remove rust 
and corrosion. Apply a light coat of petroleum 
jelly to the threads to prevent future corrosion. 
10 Attach the cable to the relay or ground 
connection and tighten the mounting nut/bolt 
securely. 

11 Before connecting the new cable to the 
battery, make sure that it reaches the battery 
post without having to be stretched. Clean the 
battery posts thoroughly and apply a light coat 
of petroleum jelly to prevent corrosion (see 
Chapter 1). 

12 Connect the positive cable first, followed by 
the negative cable. 


5 ignition system - general 
information 


The ignition system consists of the igni- 
tion switch, the battery, the coil, the primary 
(low tension) and secondary (high tension) 
circuits, the distributor and the spark plugs. 

1992 through 1996 models use the Thick 
Film integrated IV (TFI-IV) system. 1997 and 
later models use the Distributorless Ignition 
System (DIS). Late models are equipped 
with the Coil Over Plug (COP) version of DIS. 
Each cylinder on the COP ignition system is 
equipped with a coil/spark plug assembly over 
each cylinder along with an ignition module. 
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Thick Film Integrated IV 
(TFI-IV) ignition system 

TFI-IV systems are equipped with а mod- 
ule housed in a thermoplastic box mounted in 
the left corner of the engine compartment. 
“Thick Film" refers to the type of manufac- 
tured solid state trigger and power units within 
the module. TFI-IV modules are controlled 
by the EEC-IV computer. The computer uses 
information from the Profile Ignition Pick-up 
(PIP) and Cylinder Identification (CID) sensor 
to determine the proper point to fire the coil. 
The ignition control module sends the Spark 
Output (SPOUT) signal to the TFI module to 
turn the coil ON and OFF. The TFI module 
also generates an Ignition Diagnostic Moni- 
tor signal so the EEC-IV module can check 
the TFI operation. These ignition signals are 
important in diagnosing problems with the 
ignition system. Тһе TFI distributor system 
uses a distributor containing a Hall Effect sen- 
sor and a module mounted externally to the 
distributor. 


Electronic Integrated (El) 
Ignition system 

The Electronic Integrated (El) Ignition 
system is a complete electronically controlled 
ignition system that does not incorporate a 
distributor or rotor and cap. The El system 
consists of a crankshaft timing sensor (vari- 
able reluctance sensor), camshaft sensor, 
ignition coil packs, an EEC-V module (PCM), 
the spark plug wires and the spark plugs. 
This engine is equipped with an ignition coil 
for each pair of spark plugs. The El system 
features a waste-spark method of spark dis- 
tribution. Each cylinder is paired with its com- 
panion cylinder in the firing order (1-5, 2-6, 
3-4 [4.2L engine]) ог (1-6, 5-3, 4-7, 2-8 [4.6L 
engine]) so one cylinder under compression 
fires simultaneously with its opposing cylin- 
der, where the piston is on the exhaust stroke. 
Since the cylinder on the exhaust stroke 
requires very little of the available voltage to 
fire its plug, most of the voltage is used to fire 
the plug under compression. Note: The Е/ 
system is not equipped with an ignition mod- 
ule. Here the PCM functions as the overall 
controller of the ignition system by receiving 
engine speed, camshaft and crankshaft posi- 
tion signals and determining the correct igni- 
tion timing and injector ON-TIME (rich/lean) 
but also functions as the controller of the igni- 
tion coil(s) primary circuit which was basically 
the job of the ignition module in earlier dis- 
tributorless ignition systems. Note: The cam- 
shaft sensor оп 4.2L engines is a Hall-Effect 
switching device mounted in a distributor-like 
housing on the intake manifold. The camshaft 
sensor on 4.6L engines is a variable reluc- 
tance device mounted on the front cover near 
the camshaft sprocket. Refer to Chapter 6 for 
additional information. 

This ignition system does not have any 
moving parts (no distributor) and all engine 
timing and spark distribution is handled elec- 
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tronically. This system has fewer parts that 
require replacement and provides more accu- 
rate spark timing. During engine operation, 
the ЕІ ignition module (PCM) calculates spark 
angle and determines the turn-on and firing 
time of the ignition coil. 

The crankshaft timing sensor is a vari- 
able reluctance sensor mounted above the 
front pulley timing gear. This electromagnetic 
device senses movement of the teeth on the 
pulley timing gear and generates an A/C volt- 
age signal which increases with engine rpm. 
This sensor provides engine speed and crank- 
shaft position signals to the PCM. The main 
function of the El module is to synchronize the 
ignition coils so they are turned ON an OFF in 
the proper sequence for accurate spark con- 
trol. Refer to Chapter 6 for additional informa- 
tion and testing procedures on the crankshaft 
sensor. 


El ignition Coil Over Plug 


(COP) system 

4.6L, 5.4L and 6.8L models are equipped 
with a Coil Over Plug (COP) distributorless 
ignition system. This system works basically 
the same as the El system on the other mod- 
els except each cylinder is equipped with its 
own coil and there are no ignition wires to the 
spark plugs. Each cylinder is fired sequen- 
tially on its compression stroke, thus elimi- 
nating the waste spark method. COP ignition 
systems operate in three different modes; 
engine crank, engine running and CMP 
Failure Mode Effects Management (FMEM). 
Although the system operates sequentially 
in engine running mode, the PCM fires two 
cylinders simultaneously (companion cylin- 
ders) like the waste spark systems previously 
described. This is only to enhance driveability 
during warm-up or limp home modes of oper- 
ation. 

The COP ignition system uses the cam- 
shaft position sensor to identify the TDC of the 
compression stroke to fire the individual coils. 


6 = Ignition system - check 


Warning 1: Because of the high voltage gen- 
erated by the ignition system, extreme care 
should be taken whenever an operation is 
performed involving ignition components. This 
not only includes the ignition coil, but related 
components and test equipment. 

Warning 2: The following procedure requires 
the engine to be cranked during testing. Make 
sure the meter leads, loose clothing, long 
hair, etc. are away from the moving parts of 
the engine (drivebelt, cooling fan, etc.) before 
cranking the engine. 

Note: Beginning in 1994, the manufacturer 
began to produce a second generation self 
diagnosis system specified by EPA regula- 
tions called On Board Diagnosis (OBD) Il. 
This system incorporates a series of diagnos- 
tic monitors that detect and identify emissions 
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6.2 То use a calibrated ignition tester, 
simply disconnect a spark piug wire, clip 
the tester to a convenient ground (like a 
valve cover bolt) and operate the starter 
- if there is enough power to fire the 
plug, sparks will be visible between the 
electrode tip and the tester body 
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systems faults and store the information in the 
computer memory. This updated system also 
tests sensors and output actuators, diagnoses 
drive cycles, freezes data and clears codes. 
This powerful diagnostic computer must be 
accessed using an OBD Il SCAN tool and 16 
pin Data Link Connector (DTC) located under 
the driver’s dash area. All engines and power- 
train combinations 1997 and later, described 
in this manual, are equipped with the On 
Board Diagnosis 1! (OBD-II) system. Refer 
to Chapter 6 for additional information on the 
OBD I! system and its diagnostic capabilities. 


TFI-IV ignition system 

Refer to illustrations 6.2 and 6.4 

1 If the engine turns over but won't start, 
disconnect the spark plug lead from any spark 
plug and attach it to a calibrated ignition tester 
(available at most auto parts stores). 

2 Connect the clip on the tester to a bolt 
or metal bracket on the engine (see illustra- 
tion), crank the engine and watch the end of 
the tester to see if bright blue, well-defined 
sparks occur. 

3 If sparks occur, sufficient voltage is 
reaching the plug to fire it (repeat the check ай” 
the remaining plug wires to verify that the dis- 
tributor cap and rotor are OK). However, the 
plugs themselves may be fouled, so remove 
and check them as described in Chapter 1 or 
install new ones. 

4 If no sparks occur, check the primary 
wire connections at the coil to make sure they 
are clean and tight. Check for voltage to the 
ignition coil (see illustration). 1 
5 If there is still no spark, the ignition coil, 
module or other internal components may be 
defective (see Sections 7 and 10). 
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check for battery voltage to the coil with the ignition key on 
(TFI-IV ignition system) 


El Ignition system 


General checks 

Refer to illustration 6.7 and 6.10 

6 If no sparks or intermittent sparks occur, 
check for a bad spark plug wire by swapping 
wires. 

7 Ifthe problem isn't caused by the spark 
plug wire, check for battery voltage to the 
ignition coil with the ignition key ON (engine 
not running). Attach a 12 volt test light to the 
battery negative (-) terminal. Disconnect the 
Coil electrical connector and check for power 
at the positive (+) terminal (see illustration). 
Battery voltage should be available. If there 
is no battery voltage, check the 30 amp fuse 
that protects the ignition circuit (see Chap- 
ter 12 for additional information on the fuses 
and the wiring schematics). 

8 Be sure to check the primary and sec- 
ondary resistances of the ignition coils (see 
Section 7). 

9 Check the ignition coil electrical connec- 
tors for dirt, corrosion and damage. 

10 If battery voltage is available to the ignition 
coils, attach an LED test light to the battery posi- 


cranked 


6.10 Connect an LED test light to the positive battery terminal 
and the coil negative (-) terminals on the ignition coil harness 
connectors and watch for a blinking light when the engine is 


tive (+) terminal and each negative (-) terminal 
to the coil (on the vehicle harness side) (see 
illustration), then crank the engine (be sure 
to check each negative terminal). Confirm 
that the test light flashes. This test checks for 
the trigger signal (ground) from the computer. 
Caution: Use only an LED test light to avoid 
damaging the PCM. 

11 If the test light does not flash, check the 
crankshaft position sensor (see Chapter 6). If 
the crankshaft sensor checks out OK, have the 
PCM checked by a dealer service department 
or other qualified automotive repair facility. 


Sensor checks 

12 These models are equipped with a cam- 
shaft sensor as well as a crankshaft sensor. 
The camshaft sensor signals the PCM to 
begin sequential pulsation of the fuel injec- 
tors. This camshaft sensor on 4.2L engines is 
a Hall Effect switching device activated by a 
single vane. This camshaft sensor is mounted 
on the top of the engine in the normal loca- 
tion of the distributor. The camshaft sensor 
in the 4.6L, 5.4L and 6.8L engines is a vari- 
able reluctance device which is triggered by 


6.14 Disconnect the electrical conne 
coil assembly and check for battery voltage to the coil 
with the ignition switch ON (engine not running) 
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6.7 Disconnect the electrical connector from the ignition coil and 
check for battery voltage to the coil with the ignition key on 


(E! ignition system) 


the high point mark on the camshaft sprocket. 
This sensor is mounted in the timing cover 
on the left cylinder head near the camshaft 
sprocket. This type of camshaft sensor can be 
checked on the bench using an A/C voltme- 
ter. 

13 The crankshaft sensor is located near the 
crankshaft front pulley mounted іп a bracket. 
These sensors are difficult to reach for test- 
ing purposes but it is of major importance that 
they be checked when dealing with ignition 
system diagnostics. In the event the crank- 
shaft sensor or camshaft sensor is defective 
(or both), replace them with new parts and 
continue checking the ignition system to verify 
the working condition of all ignition system 
components. Refer to Chapter 6 for all the 
locations, checking and replacement proce- 
dures on the crankshaft and camshafts sen- 
sors. 


El ignition with Coil Over Plug 


(COP) system 

Refer to illustration 6.14 and 6.17 

14 If no sparks or intermittent sparks 
occur, check for battery voltage to the igni- 


rom each individual 


ctors f. 


6.17 Connect ап LED test light to the 
battery positive (+) terminal and check 
for a trigger signal on each of the COP 

harness connector negative terminals (-) 
while an assistant cranks the engine 


tion coil (see illustration) with the ignition 
key ON (engine not running). Attach a 12 volt 
test light to the battery negative (-) terminal. 
Disconnect the coil harness connector and 
check for power to the positive (+) terminal. 
Battery voltage should be available with the 
ignition key ON (engine not running). If there 
is no battery voltage, check the 30 amp fuse 
that governs the ignition circuit (see Chap- 
ter 12 for additional information on the fuses 
and the wiring diagrams). 

15 Check the individual ignition coils (see 
Section 7). 

16 Unplug the ignition coil wiring harness 
connectors and inspect them for dirt, corrosion 
and damage. 

17 If battery voltage is available to the igni- 
tion coils, attach an LED test light to the battery 
positive (+) terminal and to each coil negative 
(-) terminal, one at a time (see illustration) 
and crank the engine. Note: /t wil! be neces- 
sary to disconnect all of the COP electrical 
connectors while testing to prevent the engine 
from starting. This test checks for the trigger 
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7.4 То check the primary resistance of the 
ЕІ coil, connect the probes to the positive 
(+) terminal and each negative (-) terminal 
of the coil. The resistance should be the 
same for each check 
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T. 2 тебе the electrical connector 
and check the primary resistance across 
the two small primary terminals 


signal (ground) from the computer. 

18 The test light should flash as the engine 
is cranked over. If the test light does not flash, 
check the crankshaft position sensor (see 
Chapter 6). If the crankshaft sensor checks 
out OK, have the PCM checked by a dealer 
service department or other qualified automo- 
tive repair facility. 


т ignition coil - check and 
replacement 


Check 


TFI-IV ignition system 

Refer to illustrations 7.2 and 7.3 

1 With the ignition off, disconnect the elec- 
trical connector from the coil and remove the 
distributor cap-to-coil wire from the coil termi- 
nal. 

2 Connect an ohmmeter across the coil 
primary terminals (see illustration). The pri- 
mary resistance should be as listed in this 
Chapter's Specifications. If not, replace the 


` Coil. 


3 Connect an ohmmeter between the neg- 


7.5 Check T coil score. resistance 
by probing the paired 
companion cylinders 


7. 3 Check the secondary resistance 
between the coil wire terminal and the 
negative primary terminal 


ative primary terminal and the secondary ter- 
minal (the coil wire tower) (see illustration) 
The secondary resistance should be as listec 
in this Chapter's Specifications. If not, replace 
the coil. 


Electronic Integrated (El) ignition 
system (models through 2000) 

Refer to illustrations 7.4 and 7.5 

4 М the ignition off, disconnect the pri. 
mary electrical connector(s) from the coil 
Connect an ohmmeter across the coil posi- 
tive (+) terminal and each negative (-) termi- 
nal (see illustration). The resistance shoulc 
be as listed in this Chapter's Specifications. li 
not, replace the coil. 

5 | Connect an ohmmeter between the sec: 
ondary terminals (see illustration) of each 
coil pack. The resistance should be as listec 
in this Chapter's Specifications. If not, replace 
the coil. Note: Each coil pack is paired accord. 
ing to the companion cylinders. Be sure tc 
check resistance with these designated termi 
nals only: 


4:2L engines 1/5, 2/6, 3/4 
4.6L engines 7/4, 8/2, 1/6 and 3/5 
є 1/6, 5/3, 4/7 апа 2/8 


7.6 Check the СОР нд... 
primary resistance 


Chapter 5 Engine electrical systems 


—N 


El ignition with Coil Over Plug 
(COP) ignition system 

Refer to illustrations 7.6 and 7.7 

6 With the ignition off, disconnect the elec- 
trical connector(s) from each coil assembly. 
Connect an ohmmeter across the coil primary 
terminal (*) and the negative terminal (-) (see 
illustration). The resistance should be as 
listed in this Chapter's Specifications. If not, 
replace the coil. 

7 | Remove the COP assembly from the cyl- 
inder head. Connect an ohmmeter between 
the secondary terminals (see illustration) 
(the one that fits over the spark plug). The 
resistance should be as listed in this Chap- 
ter's Specifications. 


Replacement 


TFI-IV ignition systems 

8 If not already done, remove the electrical 
connector and coil wire from the coil. 

9 Remove the coil bracket bolts and 
remove the coil. 

10 Installation is the reverse of removal. 


7.18 Remove the COP mounting bolt and 
lift the assembly from the cylinder head 


7.7 Check the COP assembly secondary resistance 


Electronic Integrated (El) 

ignition system 

Refer to illustration 7.14 

11 Disconnect the negative cable from the 
battery. 

12 Disconnect the ignition coil electrical 
connector(s) from each individual coil pack. 
13 Disconnect the spark plug wires by 
squeezing the locking tabs and twisting while 
pulling. DO NOT just pull on the wires to dis- 
connect them. Disconnect all of the spark plug 
wires. 

14 Remove the bolts securing the ignition 
coil to the mounting bracket on the engine 
(see illustration). 

15 Installation is the reverse of the removal 
procedure with the following additions: 

a) Prior to installing the spark plug wire into 
the ignition coil, coat the entire interior 
of the rubber boot with silicone dielectric 
compound. 

b) Insert each spark plug wire into the 
proper terminal of the ignition coil. Push 
the wire into the terminal and make sure 
the boots are fully seated and both lock- 
ing tabs are engaged properly. 


El ignition with Coil Over Plug 
(COP) ignition system 

Refer to illustration 7.18 

16: Disconnect the negative cable from the 
battery. 

17 Disconnect the ignition coil electrical 
connector(s) from each individual coil. Mark 
each electrical connector with tape to prevent 
mix-ups during reassembly. 

18 Remove the bolt securing the ignition 
coil (see illustration), then pull the coil from 
the cylinder head. 

19 Installation is the reverse of the removal 
procedure with the following additions: 

a) Prior to installing the coil over plug (COP) 
assembly into the cylinder head, coat the 
entire interior of the assembly with sili- 
cone dielectric compound. 


P os 


7.14 Remove the coil pack mounting screws (arrows) and lift it 


from the engine 


b) Connect each COP electrical connector 
fo its correct coil and make sure they are 
tight and secure, 


8 Ignition timing - check 


Refer to illustrations 8.3 and 8.5 

Note 1: This ignition timing procedure only 
checks the base timing setting specified by 
the factory. Timing cannot be adjusted, there- 
fore the purpose of this check is to verify that 
the computer is controlling the ignition timing 
and that the base setting is correct. In most 
cases, the ignition system can be checked 
(see Section 6) but if the base setting remains 
incorrect, the PCM (computer) is defective. 
Take the vehicle to the dealer service depart- 
ment to verify and repair the ignition system 
problem(s). 

Note 2: 1992 through 1996 models are 
equipped with a “shorting bar” inserted into 
the SPOUT (spark output) connector. This 
harness disconnect is used to remove the 
computer from the ignition timing control func- 
tions. Removal of the bar from the connec- 
tor will retard the timing 2 to 3 degrees. The 
SPOUT connector is located in the left rear 
corner of the engine compartment. Do not 
remove the shorting bar except for checking 
ignition base timing. 

1 Apply the parking brake and block the 
wheels. Turn off all accessories (heater, air 
conditioner, etc.). 

2 Start the engine and warm it up. Once it 
has reached operating temperature, turn it off. 

3 On 1992 through 1996 models, unplug 
the shorting bar from the SPOUT (Spark 
Output) connector. The SPOUT connector is 
located in the left rear corner of the engine 
compartment where it goes into the TFI/ICM 
module harness connector (see illustration). 
Note: This operation disconnects the PCM 
SPOUT signal to the number 5 terminal on 
the module. When no signal is received, the 
TFI-IV or ICM module reverts to an internal 
back-up timing mode. Accurate timing mea- 


8.3 Remove the shorting bar from the SPOUT connector to check 
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base timing (1992 through 1996 models) 


surements can only be made in this mode. 

4 Connect an inductive timing light and а 
tachometer in accordance with the manufac- 
turer’s instructions. Caution: Make sure that 
the timing light and tachometer wires don't 
hang anywhere near the cooling fan or they 
may become entangled. 

5 Locate the timing marks on the crank- 
shaft vibration damper and timing chain cover 
(see illustration). Clean the marks of dirt or 
grease if necessary for easy identification. 

6 Start the engine again. Place the trans- 
mission in DRIVE (parking brake applied). 

7 Point the timing light at the pulley timing 
marks and note whether the specified timing 
mark is aligned with the timing pointer on the 
front of the timing chain cover. Refer to the 
Specifications listed in this Chapter. 

8 Ifthe proper mark isn't aligned with the 
stationary pointer, have the on-board com- 
puter (ECM/PCM) checked by a dealer service 
department or other qualified repair shop. 

9 Тип off the engine. 

10 Insert the shorting bar into the SPOUT 
connector (1992 through 1996 models). 


Sus Ха s MER 250 5 m 7 E a 
9.4a Mark the position of the rotor on the edge of the 
distributor housing (arrow)... 


BTDC ATDC 
TDC 
\ Rotation эм, 
Timing 


Mark 
36094-2a-3.7 HAYNES 


8.5 Typical ignition timing marks 


11 Remove the timing light and tachometer 
from the engine compartment. 


9 Distributor - removal and 
installation 


Refer to illustrations 9.4a and 9.4b 


Removal 

1 Detach the cable from the negative ter- 
minal of the battery. 

2 Detach the coil secondary lead from 
the coil and the wires from the plugs, then 
remove the distributor cap from the dis- 
tributor. 

3 — Unplug the module electrical connector. 

4 Make a mark on the edge of the distribu- 
tor housing directly below the rotor tip and in 
line with it. Also, mark the base of the distribu- 
tor to the engine block or intake manifold to 
ensure that the distributor is positioned cor- 
rectly upon re-installation (see illustrations). 

5 Remove the distributor bolt and clamp, 
then pull the distributor straight up to remove 


9.4b ... and make a second mark between the distributor base 
; and engine block or intake manifold (arrow) to ensure proper 


it. Be careful not to disturb the intermediate 
driveshaft. Caution: /f the crankshaft is tumed 
while the distributor is removed, or if a new 
distributor is required, the alignment marks 
will be useless. 


Installation 


Crankshaft not turned after 
distributor removal 

6 Insert the distributor into the engine 
so its mark lines up with the corresponding 
engine block or intake manifoid mark. Due to 
the helical gears involved, upon initial inser- 
tion it will be necessary to position the rotor in 
such a way that it leads its alignment mark on 
the distributor housing slightly. The distributor 
shaft will rotate as the gears mesh, bringing 
the rotor and housing marks into alignment. 
This process may take several attempts until 
the correct "lead" is found. 

7 Ifthe distributor doesn't seat completely, 
the hex shaped recess in the lower end of the 
distributor shaft is not mating properly with 
the oil pump shaft. If this is the case, remove 


ws ә a" 


re-installation of the distributor 
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pm 
15---<5РОМТ 
14---5ТАВТ 

1 «—— TF! PWR 

I «—— TACH (IDM) 
LIGN GND 


10.1 Checking for battery voltage on terminal number 4 (ТҒІ PWR) 
with the ignition key ON (engine not running). If the probes of the 


voltmeter do not penetrate the electrical connector, install a pin 
into the terminal and place the probe onto the pin 


the distributor and rotate the oil pump shaft. It 
shouldn't take much. Repeat step 6 until the 
distributor seats properly and both distributor 
to engine and rotor to distributor marks are 
correctly aligned. Proceed to Step 12. 


Crankshaft turned after distributor 
removal, or new distributor 

8 бее Chapter 2A, 2B or 2C and position 
the number one piston at TDC on the com- 
pression stroke. 

9 Temporarily install the cap onto distribu- 
tor and note the location of the number one 
spark plug wire (trace the correct wire back 
from the number one spark plug if neces- 
sary). Make a mark on the side of the distribu- 
tor directly under the number one wire and 
as close to the cap as possible. Remove the 


cap. 
10 ifa new distributor is being installed, use 
the old distributor base mark as a reference 
and create a new mark in approximately the 
same location on the new distributor. 

11 Perform Steps 6 and 7 using the new 
reference mark(s). 


Final installation 
12 With the distributor marks aligned, the 


MOL. ЗАЙ чь к“ p “О 
10.15 After removing the shaft, note the 
position of the spacer washer and 
remove the washer 


rotor should be pointing at the alignment mark 
you made on the distributor housing, and the 
distributor base-to-engine block or manifold 
marks should be in alignment as they were 
before removal. 

13 Place the clamp in position and loosely 
install the bolt. 

14 Install the distributor cap and tighten the 
cap screws securely. 

15 Plug in the module electrical connector. 
16 Кеайасһ any vacuum hoses. 

17 Connect the cable to the negative termi- 
nal of the battery. 

18 Start the engine, check the ignition tim- 
ing (see Section 11), then tighten the distribu- 
tor clamp bolt securely. 


10 Ignition module and stator 
assembly (TFI-IV ignition system) 
- check and replacement 


Caution: The ignition module is a delicate 
and relatively expensive electronic compo- 
nent. Failure to follow the step-by-step proce- 
dures could result in damage to the module 
and/or other electronic devices, including the 
on-board computer (microprocessor) itself. 
Additionally, all devices under computer con- 
trol are protected by a Federally mandated 
extended warranty. Check with your dealer 
concerning this warranty before attempting to 
diagnose and replace the module yourself. 


Ignition module checks 

Refer to illustration 10.1 

1 Check for power to the ignition module. 
Using a voltmeter, probe terminal number 
4 (TFI PWR) from the module (see illustra- 
tion). With the ignition ON (engine not run- 
ning), there should be battery voltage. 

2  Ifno voltage is available, check the 30 
amp ignition fuse. 

3 Check the PIP signal at the distributor. 
Probe the PIP signal at the distributor con- 
nector (GY/O wire) with the LED test light and 


10.13 After removing the roll pin, use a small gear puller to 
remove the gear from the shaft 


crank the engine. The light should blink if the 
PIP signal is present. If not, check the wiring 
harness and replace the stator if necessary. 
Refer to the wiring schematics at the end of 
Chapter 12. 

4 . Check the SPOUT signal at the shorting 
bar (see Section 8). Backprobe either termi- 
nal on the SPOUT connector with an LED test 
light and crank the engine. The light should 
blink if the SPOUT signal is present. If not, 
check the wiring and replace the ignition mod- 
ule if necessary. Refer to the wiring schemat- 
ics at the end of Chapter 12. 


Replacement 


Ignition module 

5 Disconnect the negative battery cable. 

6 Disconnect the harness electrical con- 
nector from the ignition control module. 

7 Working in the left corner of the engine 
compartment, remove the two module mount- 
ing screws. Remove the module. 

8 Remove the two screws retaining the 
module to the heat sink. Coat the new module 
baseplate with silicon dielectric grease before 
installing it back onto the heat sink. 

9 Installation is the reverse of removal. 


Stator 

Refer to illustrations 10.13, 10.15, 10.16 and 
10.18 

10 Detach the cable from the negative ter- 
minal of the battery. Remove the distributor 
(see Section 9). 

11 Remove the rotor from the distributor. 

12 Using the appropriate size pin-punch, 
remove the roll pin from the gear and shaft 
assembly. 

13 Using a small gear puller, remove the 
gear from the shaft (see illustration). Be very 
careful not to chip or break the gear teeth 
when removing the gear. 

14 Remove the shaft assembly from the 
housing. 

15 Note the position of the spacer washer 
for reassembly and remove the washer (see 
illustration). 
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10.16 Remove the octane rod retaining 
screw (A) and lift the end of the rod off 
the post (B) - remove the stator retaining 
screws (C) and remove the stator 
from the housing 


16 Remove the octane rod and the stator 
from the distributor (see illustration). 

17 Reassemble the distributor іп the reverse 
order of disassembly. Apply a light coat of 
engine oil to the distributor shaft before install- 
ing it in the housing. 

18 Using a deep socket and a hammer, 
lightly tap the gear onto the shaft. Make sure 
the hole in the gear and the hole in the shaft 
are perfectly aligned or the roll pin cannot be 
installed (see illustration). 

19 Replace the O-ring at the base of the dis- 
tributor and install the distributor in the engine 
(see Section 9). 


11 Charging system - general 
information and precautions 


The charging system includes the alter- 
nator, a voltage regulator (mounted on the 
backside of the alternator), a charge indica- 
tor or warning light, the battery, a large fuse 
(called a mega fuse) and the wiring between 
all the components. The charging system 
supplies electrical power for the ignition sys- 
tem, the lights, the radio, etc. The alterna- 
tor is driven by a drivebelt at the front of the 
engine. 

The purpose of the voltage regulator 
is to limit the alternator’s voltage to a preset 
value. This prevents power surges, circuit 
overloads, etc., during peak voltage output. 
On integral voltage regulator systems, a solid 
state regulator is housed inside a plastic mod- 
ule mounted on the alternator itself. 

These models are equipped with either 
a Motorcraft 95 amp or a 130 amp output 
rated alternator. The voltage regulator can be 
removed from the backside of the alternator 
but the alternator must be removed from the 
engine first. 

The charging system is protected by a 
series of large fusible links. In the event of 
charging system problems, check these fus- 
ible links for damage or broken contacts. 
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Ре ЯНЕ 2-.. 
10.18 Align the holes and carefully drive 
the gear on the shaft - if the holes do 
not align perfectly, remove the gear and 
reposition it before installing the roll pin 


The charging system doesn't ordinarily 
require periodic maintenance. However, the 
drivebelt, battery and wires and connections 
should be inspected at the intervals outlined 
in Chapter 1. 

Be very careful when making electrical 
circuit connections to a vehicle equipped with 
an alternator and note the following: 


a) When reconnecting wires to the alterna- 
tor from the battery, be sure to note the 
polarity. 

b) Before using arc welding equipment to 
repair any part of the vehicle, disconnect 
the wires from the alternator and the bat- 
tery terminals. 

c) Never start the engine with a battery 
charger connected. 

d) Always disconnect both battery cables 
before using a battery charger (negative 
cable first, positive cable last). 


12 Charging system - check 


General checks 

Refer to illustration 12.2 

1 Ifa malfunction occurs in the charging 
circuit, do not immediately assume that the 
alternator is causing the problem. First, check 
the following items: 


a) The battery cables where they connect 
to the battery. Make sure the connec- 
tions are clean and tight. 

b) The battery electrolyte specific gravity. If 
it is low, charge the battery. 

с) Check the external alternator wiring and 
connections. | 

d) Check the drivebelt condition and ten- 
sion (see Chapter 1). 

е) Check the alternator mounting bolts for 
tightness. 

ђ Run the engine and check the alternator 
for abnormal noise. 


2 Using a voltmeter, check the battery volt- 
age with the engine off. It should be approxi- 


12.2 To measure charging voltage, 
attach the voltmeter leads to the battery 
terminals, start the engine and 

record the voltage reading 


mately 12-volts (see illustration). 

3 Start the engine and check the battery 
voltage again. It should now be approximately 
14 to 15-volts. 

4 Ifthe indicated voltage reading is less 
or more than the specified charging volt- 
age, replace the voltage regulator (see Sec- 
tion 14). If replacing the regulator fails to 
restore the voltage to the specified range, the 
problem may be within the alternator. Note: 
The following checks are intended to direct the 
home mechanic to circuit problems that may 
be interfering with the charging system's abil- 
ity to function properly. Many times a charging 
system problem results from corroded, dam- 
aged or broken terminals or harness connec- 
tors that operate within the charging system. 
Due to the special equipment necessary to 
test or service the alternator, it is recom- 
mended that if a fault is suspected the vehicle 
be taken to a dealer or a shop with the proper 
equipment. 


Overcharging condition 

Refer to illustration 12.5a and 12.5b 

5 Most models are equipped with a volt- 
meter on the instrument panel that indicates 
battery voltage with the ignition key ON 
(engine not running), and alternator output 
when the engine is running. Observe the volt- 
meter at idle and high rpm. If the gauge reads 
high (15 volts and over), check for an over- 
charging condition. Measure the voltage drop 
between the voltage regulator test point A and 
the battery positive post (see illustration). 
The voltage drop should be 0.25 volts or less. 
If the voltage drop exceeds this value, check 


. and гердіг the circuit to the fusible link(s) and 


check the fusible links for damage. Refer to 
the wiring diagrams at the end of Chapter 12. 
Note: /f the alternator is not equipped with 
test ports on the voltage regulator, discon- 
nect the alternator harness connector and test 
between terminal А and the battery (see illus- 
tration). 

6 Next, check the field circuit drain for a 


ALTERNATOR 


12.5a Check for a voltage drop between terminal A on the voltage 
regulator and the battery positive terminal (+). The voltage drop, 


36059-5-4.6-HAYNES 
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from battery voltage, should be 0.25 volts or less 


5-11 


1992 - 1996 


12.5b Measure the voltage drop from the voltage regulator 
harness connector to the B+ terminal on the battery 


possible internal problem that could cause 
overcharging. With the ignition key OFF, mea- 
sure the voltage between the voltage regula- 
tor test point F and the chassis ground (see 
illustration 12.5a). If battery voltage is avail- 
able, replace the voltage regulator (internal 
short). If there is no voltage, have the alterna- 
tor tested by a dealer service department or 
automotive electrical repair facility. 

7 Another possible cause of overcharging 
is excessive resistance in the ground connec- 
tions between the voltage regulator and the 
alternator. Disconnect the negative and posi- 
tive battery cables and repair any damaged 
ground connection terminals. 


Charge light remains ON 

8 The charge light on the instrument panel 
illuminates with the key ON and engine not 
running, and should go out when the engine 
runs. If the light remains ON, with the ignition 
key OFF, measure the voltage between the 
voltage regulator test point A and chassis ground 
(see illustration 12.5a). There should be battery 
voltage. If there is no voltage available, repair the 
circuit. Refer to the wiring diagrams at the end of 
Chapter 12. 

9 Check for a defective one-way circuit. 
Remove the alternator one-way terminal (light 
green/red), install a jumper wire from the bat- 
{егу positive terminal (+) and check that the 
light illuminates. Because the light is canceled 
(OFF) when the harness is disconnected from 
the battery and the light illuminates when bat- 
tery voltage is applied, the circuit from the 
alternator to the light and the light bulb in the 
dash is correct. If the charge light remains ON 
when the engine is running, check the voltage 
regulator and electrical connections (see Sec- 
tion 12). 

10 Also, check the fusible link(s). They 
should be intact and making positive connec- 
tions. Replace any broken fusible links. 


Charge light flickers 
intermittently (slight 


undercharge) 

Refer to illustration 12.12 

11 |f the charge light on the dash flickers 
intermittently, check the voltage regulator 
connections, the alternator one-way connec- 
tion, the alternator B* eyelet connection and 
the battery cables. They should be clean and 
tight. 

12 With the ignition key OFF, measure the 
resistance between the voltage regulator test 
point F and test point A (see illustration). The 
ohmmeter should indicate less than 5 ohms. If 
the resistance is correct, the alternator is most 
likely defective. If the resistance is excessive, 
remove the voltage regulator brushes and 
check the brush holder screws for tightness. 
13 With the ignition key ON (engine not 
running), connect a wire to the alternator test 
point A and the positive battery post. If the 
charge light flickers, the voltage regulator is 


12.12 Connect an 
ohmmeter between 
the A and F terminal 


screws 


defective. Have the alternator checked by a 
dealer service department or other qualified 
automobile electric repair facility. If the charge 
light does not flicker, repair the alternator har- 
ness. Refer to the wiring diagrams at the end 
of Chapter 12. 


13 Alternator - removal and 
installation 


Refer to illustrations 13.6a, 13.6b апа 13.6с 

1 Detach the cable from the negative ter- 
minal of the baitery. 

2 Remove the air intake ducts and the air 
cleaner assembly (see Chapter 4). 

3  Unplug the electrical connectors from the 
alternator. 

4 Remove the drivebelt (see Chapter 1). 

5 On 4.6L models through 2000, remove 
the ignition wire assembly from the intake 
manifold area (see Chapter 1). 


77 


6 Оп2001 and later 5.4L апа 6.81 engines, 
remove the alternator bracket bolts from the 
upper intake manifold. Remove the bolts and 
separate the alternator from the engine (see 
illustrations). 

7 Installation is the reverse of removal. 

8  Afterthe alternator is installed, install the 
drivebelt and reconnect the cable to the nega- 
tive terminal of the battery. 


14 Alternator components - 
replacement 


Refer to illustrations 14.3, 14.4, 14.5, 14.9a 
and 14.9b 

1 Remove {һе alternator (see Section 13). 
2  Setthe alternator on a clean workbench. 
3 Remove the four voltage regulator 
mounting screws (see illustration). 

4 Detach the voltage regulator (see illus- 
tration). 

5 Detach the rubber plugs and remove 
the brush lead retaining screws and nuts to 
separate the brush leads from the holder (see 
illustration). Note that the screws have Torx 


14.4 Lift the assembly from the alternator 


13.6a Remove the lower mounting bolts (arrows) 
(4.6L engine shown) 
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e. 


13.6b Remove the three mounting bolts (arrows) and 


separate the alternator bracket from the 
intake manifold (4.6L engine shown) 


13.6c Alternator mounting bolts - 
4.2L engine 


heads and require a special screwdriver. 

6 After noting the relationship of the 
brushes to the brush holder assembly, remove 
both brushes. Don't lose the springs. 

7  Ifyou're installing a new voltage regula- 
tor, insert the old brushes into the brush holder 
of the new regulator. If you're installing new 


14.3 To detach the voltage regulator/ 
brush holder assembly, 
remove the four screws 


brushes, insert them into the brush holder of 
the old regulator. Make sure the springs are 
properly compressed and the brushes are 
properly inserted into the recesses in the brush 
holder. 


14.5 To remove the brushes from the voltage regulator/brush 
holder assembly, detach the rubber plugs from the two brush 
lead screws and remove both screws (arrows) 
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14.9a Before installing the voltage regulator/brush holder 


assembly, insert a paper clip as shown to hold the 
brushes in place during installation - after installation, 
simply pull the paper clip out 


8 Install the brush lead retaining screws and 
nuts. 

9 Inserta short section of wire, like a paper 
clip, through the hole in the voltage regulator 
(see illustrations) to hold the brushes in the 
retracted position during regulator installation. 
10 Carefully install the regulator. Make sure 
the brushes don't hang up on the rotor. 

11 Install the voltage regulator screws and 
tighten them securely. 

12 Remove the wire or paper clip. 

13 Install the altemator (see Section 13). 


15 Starting system - general 
information and precautions 


1 The starting system is composed of the 
starter motor, starter relay, battery, switch and 
connecting wires. 

2 Turing the ignition key to the Start posi- 
tion actuates the starter relay through the 
starter control circuit. The starter relay then 
connects the battery to the starter solenoid. 

3 These models are equipped with a 
starter/solenoid assembly that is mounted to 
the transmission bellhousing. 

4 Vehicles equipped with an automatic 


transmission are equipped with a Transmis- 
sion Range sensor in the starter control circuit, 
which prevents operation of the starter unless 
the shift lever is in Neutral or Park. Refer to 
the wiring diagrams at the end of Chapter 12. 
5 The starter circuit is equipped with a 
starter relay. This relay is located on the fire- 
wall in the right side of the engine compart- 
ment near the battery. 

6 Never operate the starter motor for more 
than 15 seconds at a time without pausing to 
allow it to cool for at least two minutes. Exces- 
sive cranking can cause overheating, which 
can seriously damage the starter. 


16 Starter motor and circuit - in- 
vehicle check 


Refer to illustration 16.6 

Note: Before diagnosing starter problems, 
make sure the battery is fully charged. 

1 If the starter motor doesn't turn at all 
when the switch is operated, make sure the 
shift lever is in Neutral or Park. 

2 Make sure the battery is charged and 
that all cables at the battery and starter solenoid 
terminals are secure. 


16.6 The starter relay 
is mounted on the 
firewall, near 
the battery 


Signal wire from 
ignition switch 
B* terminal 
Ignition enable 
terminal 


MENT CS NN 
14.9b Be sure the paper clip is properly positioned to 


retain the brushes 


3 Ifthe starter motor spins but the engine 
doesn't turn over, then the drive assembly in 
the starter motor is slipping and the starter 
motor must be replaced (see Section 15). 

4 |f, when the switch is actuated, the starter 
motor doesn't operate at all but the starter 
solenoid operates (clicks), then the problem 
lies with either the battery, the starter solenoid 
contacts or the starter motor connections. 

5 Ifthe starter solenoid doesn't click when 
the ignition switch is actuated, either the 
starter solenoid is defective, the starter relay 
is bad, the ignition switch is faulty, the Trans- 
mission Range sensor (automatic) or clutch 
switch (manual) is bad, or there is a problem 
in the wiring between the components. Check 
the starter circuit. 

6 То check the starter circuit, remove the 
push-on connector from the relay - this is 
the signal wire from the ignition switch (see 
illustration). Make sure that the connection 
is clean and secure. If the connections are 
good, check the operation of the relay with a 
jumper wire. To do this, place the transmission 
in Park. Remove the push-on connector from 
the relay. Connect a jumper wire between 
the battery positive terminal and the exposed 
terminal on the relay. If the starter motor now 
operates, the starter relay is okay. The prob- 
lem is in the ignition switch, Transmission 
Range sensor or in the wiring between these 
components (look for open or loose connec- 
tions). 

7 Ifthe starter motor still doesn't operate, 
bridge the two large terminals on the relay 
with a screwdriver. ІТ the starter now works, 
replace the relay. If it doesn't operate, check 
for voltage to the relay (it should be available 
on one of the large terminals). If voltage isn't 
present, check the two main battery fuses 
(adjacent to the relay, under the plastic cov- 
ers) and the cable to the relay. 

8 If voltage is present, check for voltage 
to the starter motor while the ignition key is 
turned to Start. If voltage is present, replace 
the starter assembly. If voltage is not present 
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and the relay checked out OK, trace the wir- 
ing between the relay and the starter for an 
open circuit condition. 

9 Кіе starter motor cranks the engine at 
an abnormally slow speed, first make sure the 
battery is fully charged and all terminal con- 
nections are clean and tight. Also check the 
connections at the starter solenoid and bat- 
tery ground. Eyelet terminals should not be 
easily rotated by hand. If the engine is par- 
tially seized, or has the wrong viscosity oil in 
it, it will crank slowly. 


17 Starter motor - removal and 
installation 


Refer to illustration 17.4 


1 Detach the cable from the negative ter- 
minal of the battery. 

2 Raise the vehicle and support it securely 
on jackstands. 

3 Ри back the rubber cover and discon- 
nect the large cable from the terminal on the 


18.3a Remove the solenoid mounting bolts (arrows) 


starter motor and the solenoid terminal con- 
nections. 

Disconnect the large cable from the terminal 
on the starter motor and the solenoid terminal 
connections. 

4 Remove the starter motor mounting bolt 
and nut (see illustration) and detach the 
starter from the engine. Later models have a 
stud and two bolts. 

5 Installation is the reverse of removal. 


18 Starter solenoid - replacement 


Refer to illustrations 18.3a and 18.3b 

1 Remove the starter assembly from the 
engine compartment (see Section 17). 

2 Remove the electrical connector from 
the solenoid M terminal. 

3 Remove the solenoid mounting bolts and 
separate the solenoid from the starter body 
(see illustrations). 

4 Installation is the reverse of removal. 


18.3b Separate the solenoid from the starter 


17.4 Remove the starter mounting 
bolt and nut (arrows) and separate 

the assembly from the transmission 

bellhousing 
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Emissions and engine control systems 
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1 General information 


Refer to illustration 1.6 

To prevent pollution of the atmosphere 
from incompletely-burned and evaporating 
gases, and to maintain good driveability and 
fuel economy, a number of emission control 
systems are incorporated. They include the: 


Electronic Engine Control (EEC) system 

Evaporative Emission Control (EECS) 
system 

Positive Crankcase Ventilation (PCV) 
system 

Exhaust Gas Recirculation (EGR) sys- 
tem 

Catalytic converter 


А! of these systems are linked, directly or 
indirectly, to the emission control system. 

The Sections in this Chapter include gen- 
eral descriptions, checking procedures within 
the scope of the home mechanic and compo- 
nent replacement procedures (when possible) 
for each of the systems listed above. 

Before assuming that an emissions con- 
trol system is malfunctioning, check the fuel 
and ignition systems carefully. The diagnosis 
of some emission-control devices requires 
specialized tools, equipment and training. !f 
checking and servicing become too difficult or 
if a procedure is beyond your ability, consult 
a dealer service department. Remember, the 
most frequent cause of emissions problems 
is simply a loose or broken vacuum hose or 
wire, so always check the hose and wiring 
connections first. 

This doesn't mean, however, that emis- 
sion control systems are particularly difficult to 
maintain and repair. You can quickly and eas- 
ily perform many checks and do most of the 
regular maintenance at home with common 
tune-up and hand tools. Note: Because of a 
Federally-mandated extended warranty which 
covers the emission control system compo- 
nents, check with your dealer about warranty 
coverage before working on any emissions- 
related systems. Once the warranty has 
expired, you may wish to perform some of the 
component checks and/or replacement proce- 
dures in this Chapter to save money. 


‚казака заков нэн атте» 


NN See Section 2 
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Pay close attention to апу special рге- 
cautions outlined in this Chapter. It should 
be noted that the illustrations of the various 
systems may not exactly match the system 
installed on the vehicle you’re working on 
because of changes made by the manufac- 
turer during production or from year-to-year. 

A Vehicle Emissions Control Information 
(МЕС!) label is located in the engine com- 
partment (see illustration). This label con- 
tains important emissions specifications and 
adjustment information, as well as a vacuum 
hose schematic with emissions components 
identified. When servicing the engine or emis- 
sions systems, the VEC! label in your particu- 
lar vehicle should always be checked for up- 
to-date information. 


2 Electronic Engine Control (EEC) 
system and trouble codes 


General description 

1 АІ models use the Electronic Engine 
Control (EEC-IV [1992 through 1995] or 
EEC-V [1996 and later]) system. The EEC 
system consists of an onboard computer, 


10 Idle Air Control (IAC) valve - check, removal 
and adjustment....... 5 
Information sensors..... 4 
Positive Crankcase Ventilation (PCV) ѕуѕїегт............................... 9 
3 
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known as the Powertrain Control Module 
(PCM), and information sensors, which moni- 
tor various functions of the engine and send 
data to the PCM. Based on the data and the 
information programmed into the computer's 
memory, the PCM generates output signals 
to control various engine functions via control 
relays, solenoids and other output actuators. 
2 Тһе PCM, located under the instrument 
panel, is the "brain" of the EEC-IV system. It 
receives data from a number of sensors and 
other electronic components (switches, relays, 
etc.). Based on the information it receives, 
the PCM generates output signals to control 
various relays, solenoids and other actuators. 
The PCM is specifically calibrated to optimize 
the emissions, fuel economy and driveability 
of the vehicle. 

3 Because of a Federally-mandated 
extended warranty which covers the EEC-IV 
system components and because any owner- 
induced damage to the PCM, the sensors 
and/or the control devices may void the war- 
ranty, it isn't a good idea to attempt diagnosis 
or replacement of the PCM at home while the 
vehicle is under warranty. Take the vehicle to 
a dealer service department if the PCM or a 
system component malfunctions. 


1.6 The Vehicle 
Emission Control 
Information label 
contains essential 


emission control 
and adjustment 
information, as well 
as a vacuum diagram 
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Information sensors 

4 When battery voltage is applied to the 
air conditioning compressor clutch, a signal is 
sent to the PCM, which interprets the signal 
as an added load created by the compressor 
and increases engine idle speed accordingly 
to compensate. 

5  Thelntake Air Temperature sensor (IAT), 
threaded into a runner of the intake mani- 
fold, provides the PCM with fuel/air mixture 
temperature information. The PCM uses this 
information to control fuel flow, ignition timing 
and EGR system operation. 

6 The Engine Coolant Temperature (ECT) 
sensor, which is threaded into a coolant pas- 
sage in the intake manifold, monitors engine 
coolant temperature. The ECT sends the PCM 
a constantly varying voltage signal which influ- 
ences PCM control of the fuel mixture, ignition 
timing and EGR operation. 

7 Тһе Heated Exhaust Gas Oxygen sen- 
sors (HEGO), which are threaded into the 
exhaust manifolds, constantly monitor the 
oxygen content of the exhaust gases. A volt- 
age signal which varies in accordance with 
the difference between the oxygen content of 
the exhaust gases and the surrounding atmo- 
sphere is sent to the PCM. The PCM converts 
this exhaust gas oxygen content signal to the 
fuel/air ratio, compares it to the ideal ratio for 
current engine operating conditions and alters 
the signal to the injectors accordingly. 

8 The Throttle Position Sensor (TPS), 
which is mounted on the side of the throttle 
body (see Section 4) and connected directly 
to the throttle shaft, senses throttle movement 
and position, then transmits an electrical sig- 
nal to the PCM. This signal enables the PCM 
to determine when the throttle is closed, in its 
normal cruise condition or wide open. 

9 Тһе Mass Air Flow (MAF) sensor, which 
is mounted in the air cleaner intake passage, 
measures the mass of the air entering the 
engine (see Section 4). Because air mass 
varies with air temperature (cold air is denser 
than warm air), measuring air mass provides 
the PCM with a very accurate way of deter- 
mining the correct amount of fuel to obtain the 
ideal fuel/air mixture. 


Output devices 

10 The EEC power relay, which is activated 
by the ignition switch, supplies battery voltage 
to the EEC-IV system components when the 
switch is the Start or Run position. 

11 The canister purge solenoid (CANP) 
switches manifold vacuum to operate the can- 
ister purge valve when a signal is received from 
the PCM. Vacuum opens the purge valve when 
the solenoid is energized allowing fuel vapor to 
flow from the canister to the intake manifold. 
12 Тһе solenoid-operated fuel injectors are 
located above the intake ports (see Chap- 
ter 4). The PCM controls the length of time the 
injector is open. The "open" time of the injec- 
tor determines the amount of fuel delivered. 
For information regarding injector replace- 
ment, refer to Chapter 4. 

13 The fuel pump relay is activated by the 


PCM with the ignition switch in the On posi- 
tion. When the ignition switch is turned to the 
On position, the relay is activated to supply 
initial line pressure to the system. For informa- 
tion regarding fuel pump check and replace- 
ment, refer to Chapter 4. 

14 The PCM uses a signal from the Profile Igni- 
tion Pick-Up (PIP) to determine crankshaft posi- 
tion. Ignition timing is determined by the PCM, 
which then signals the module to fire the coil. 


Obtaining codes - 1995 and 


earlier models 

15 The diagnostic codes for the EEC-IV sys- 
tems are arranged in such a way that a series 
of tests must be completed in order to extract 
ALL the codes from the system. If one por- 
tion of the test is performed without the oth- 
ers, there may be a chance the trouble code 
that will pinpoint a problem in your particular 
vehicle will remain stored in the PCM without 
detection. The tests start first with a Key On, 
Engine Off (KOEO) test followed by a com- 
puted timing test then finally a Engine Running 
(ER) test. Here is a brief overview of the code- 
extracting procedures of the EEC-IV system 
followed by the actual test: Note: Before 
attempting to repair or replace a component, 
always check vacuum lines and electrical con- 
nectors first, as a majority of problems are 
simple connections and leaking vacuum lines. 


| Quick Test - Key On Engine Off 


(KOEO) 
16 Тһе following tests are all included with 
the key on, engine not running: 

Self test codes - These codes are 
accessed on the test connector by using a 
jumper wire and an analog voltmeter or the 
factory diagnostic too! called the Star tester. 
These codes are also called Hard Codes. 

Separator pulse codes - After the initial 
Hard Codes, the system will flash a code 11 or 
111 and then will flash a series of Soft Codes. 

Continuous Memory Codes - These 
codes indicate a fault that may or may not be 
present at the time of testing. These codes 
usually indicate an intermittent failure. Con- 
tinuous Memory codes are stored in the sys- 
tem and they will flash after the normal Hard 


2.19 To read any stored 
trouble codes, connect a 
voltmeter to the Diagnostic 
Test connector as shown, 
then connect a jumper 
wire between the self-test 
input and pin number 2 on 
the larger connector - turn 


the key ON (engine not 
running) and watch 
the voltmeter or CHECK 
ENGINE light on later 
models - the test connector 
on all OBD ІІ models is at 
the instrument panel 


- 
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Codes. These codes are three digit codes. 
These codes can indicate chronic or intermit- 
tent problems. Also called Soft Codes. 

Fast codes - These codes are transmit- 
ted 100 times faster than normal codes and 
can only be read by a Star Tester from the 
manufacturer or an equivalent SCAN tool. 


Engine running codes (KOER) 

or (ER) 

17 Running tests - These tests make it pos- 
sible for the PCM to pick-up a diagnostic trou- 
ble code that cannot be set while the engine is 
in KOEO. These problems usually occur during 
driving conditions. Some codes are detected 
by cold or warm running conditions, some are 
detected at low rpm or high rpm and some are 
detected at closed throttle or WOT. 

|.D. Pulse codes - These codes indicate 
the type of engine (4, 6 or 8 cylinder) or the 
correct module and Self Test mode access. 

Computed engine timing test - This 
engine running test determines base timing 
for the engine and starts the process of allow- 
ing the engine to store running codes. 

Wiggle test - This engine running test 
checks the wiring system to the sensors and 
output actuators as the engine performs. 

Cylinder balance test - This engine run- 
ning test determines injector balance as well 
as cylinder compression balance. Note: This . 
test should be performed by a dealer service 
department. 


Beginning the test 
Refer to illustration 2.19 
18 Apply the parking brake. Position the 
shift lever in PARK and block the drive wheels. 
Turn off all electrical loads - air conditioning, 
radio, heater fan blower etc. Make sure the 
engine is warmed to operating temperatures 
(if possible). 
19 Perform the KOEO tests: 
a) Turn the ignition key off for at least 10 
seconds 
b) Locate the Diagnostic Test connector 
inside the engine compartment. Install 
the positive voltmeter lead onto the posi- 
tive battery terminal and the negative 
voltmeter lead onto pin number 4 (STO) 
of the test connector (see illustration). 


Voltmeter Hookup 
(with jumper wire) 
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Install a jumper wire from the test termi- 
nal (STI) to pin number 2 of the Diagnos- 
tic Test terminal. 

c) Tum the ignition key ON (engine not run- 
ning) and observe the needle sweeps on 
the voltmeter. For example code 23, the 
voltmeter will sweep once, pause 1/2 sec- 
ond and sweep again. There will be a two 
second pause between digits and then 
there will be three distinct sweeps of the 
needle to indicate the second digit of the 
code number. On three digit codes, the 
sequence is the same except there will 
be an additional sequence of numbers 
(sweeps) to indicate the third digit in the 
code. Additional codes will be separated 
by a four second pause and then the indi- 
cated sweeps on the voltmeter. Be aware 
that the code sequence may continue 
into the continuous memory codes (read 
further). Note: Later models will flash 
the CHECK ENGINE light on the dash in 
place of the voltmeter. 

20 Interpreting the continuous memory 
codes: 


a) Afterthe KOEO codes are reported, there 
will be a short pause and any stored 
Continuous Memory codes will appear 
in order. Remember that the "Separa- 
tor” code is 11 or 111. The computer will 
not enter the Continuous Memory mode 
without flashing the separator pulse 
code. The Continuous Memory codes 
are read the same as the initial codes or 
“Нага Codes." Record these codes onto 
a piece of paper and continue the test. 

21 Perform the Engine Running (ER) tests. 


a) Remove the jumper wires from the Diag- 
nostic Test connector to start the test. 

b) Run engine until it reaches normal oper- 
ating temperature. 

c) Tum the engine OFF for at least 10 sec- 
onds. 

d) Install the jumper wire onto Diagnostic 
Test connector (see illustration 2.19) 
and start the engine. 

е) Observe that the voltmeter or CHECK 
ENGINE light will flash the engine iden- 
tification code. This code indicates 1/2 
the number of cylinders of the engine. 
For example, 4 flashes represent an 8 
cylinder engine, or 3 flashes represent a 


2 Digit Trouble Codes 

Code Test Condition” 
11 O,C,R 

12 R 

13 R 

14 © 

15 О 

15 © 

16 R 

18 © 


six-cylinder engine. 

f) Within 1 to 2 seconds of the I.D. code, 
turn the steering wheel at least 1/2 turn 
and release. This will store any power 
steering pressure switch trouble codes. 

g) Depress the brake pedal and release. 
Note: Perform the steering wheel and 
brake pedal procedure in succession 
immediately (1 to 2 seconds) after the 
1.0. codes are flashed. 

h) Observe all the codes and record them 
on a piece of paper. Be sure to count the 
sweeps or flashes very carefully as you 
jot them down. 


22 Оп some models the PCM will request 
a Dynamic Response check. This test quickly 
checks the operation of the TPS, MAF or 
MAP sensors in action. This will be indicated 
by a code 1 or a single sweep of the voltmeter 
needle (one flash on CHECK ENGINE light). 
This test will require the operator to simply 
full throttle (“goose”) the accelerator pedal for 
one second. DO NOT throttle the accelerator 
pedal unless it is requested. 

23 Тһе next рагі of this test makes sure 
the system can advance the timing. This is 
called the Computed Timing test. After the last 
ER code has been displayed, the PCM will 
advance the ignition timing a fixed amount and 
hold it there for approximately 2 minutes. Use 
a timing light to check the amount of advance. 
The computed timing should equal the base 
timing plus 20 BTDC. The total advance should 
equal 27 to 33 degrees advance. If the timing is 
out of specification, have the system checked 
at a dealer service department. Note: /f it’s 
necessary to adjust the base timing, remem- 
ber to remove the SPOUT from the connector 
as described in the ignition timing procedure in 
Chapter 5. This will remove the computer from 
the loop and give base timing. 

24 Finally, perform the Wiggle Test. This 
test can be used to recreate a possible inter- 
mittent fault in the harness wiring system: 


a) Use a jumper wire to ground the STI lead 
on the Diagnostic Test connector (see 
illustration 2.19). 

b) Turn the ignition key ON (engine not run- 
ning). 

c) Now deactivate the self-test mode 
(remove the jumper wire) and then 
immediately reactivate self test mode. 


Probable Cause 

Pass (separator code) 

RPM not within Self-test upper limit 

RPM not within Self-test lower limit 

Profile Ignition Pick-up circuit fault 

Read Only Memory test failed 

Keep Alive Memory test failed 

RPM too low to perform Oxygen Sensor/fuel test 
Loss of TACH input to PCM; SPOUT circuit grounded 


Bos Key On, Engine Off; C = Continuous Memory; R = Engine Running 
А 


Now the system has entered Continuous 
Monitor Test Mode. 

а) Carefully wiggle, tap or remove any sus- 
pect wiring to a sensor or output actua- 
tor. If a problem exists, a trouble code 
will be stored that indicates a problem 
with the circuit that governs the particu- 
lar component. Record the codes that 
are indicated. 

e) Next, enter Engine Running Continuous 
Monitor Test Mode to check for wiring 
problems only when the engine is run- 
ning. Start first by deactivating the Diag- 
nostic Test connector and turning the 
ignition key OFF. Now start the engine 
and allow it to idle. 

f) Use a jumper wire to ground the STI lead 
on the Diagnostic Test connector (see 
illustration 2.19). Wait ten seconds and 
then deactivate the test mode and reac- 
tivate it again (install jumper wire). This 
will enter Engine Running Continuous 
Monitor Test Mode. 

g) Carefully wiggle, tap or remove any sus- 
pect wiring to a sensor or output actua- 
tor. If a problem exists, a trouble code 
will be stored that indicates a problem 
with the circuit that governs the particu- 
lar component. Record the codes that 
are indicated. 


25 |f necessary, perform the Cylinder Bal- 
ance Test. This test must be performed by a 
dealer service department or other qualified 
auto repair facility. 


Clearing codes (OBD-II models) 
26 То clear the codes from the PCM mem- 
ory, start the KOEO self test diagnostic pro- 
cedure (see illustration 2.19) and install the 
jumper wire into the Diagnostic Test connec- 
tor. When the codes start to display them- 
selves on the voltmeter or CHECK ENGINE 
light, remove the jumper wire from the Diag- 
nostic Test connector. This will erase any 
stored codes within the system. Caution: 
Do not disconnect the battery from the vehi- 
cle to clear the codes. This will erase stored 
operating parameters from the KAM (Keep 
Alive Memory) and cause the engine to run 
rough for a period of time while the computer 
relearns the information. 
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2 Digit Trouble Codes (continued) 


Code Test Condition* Probable Cause 

18 R | SPOUT circuit open 

19 О Failure іп EEC reference voltage 

21 O.R Coolant Temperature Sensor out of range 

22 0,C Manifold Absolute/Baro Pressure Sensor out of range 

23 O,R Throttle Position Sensor out of range 

24 O,R Intake Air Temperature sensor out of range 

26 O,R Mass Air Flow Sensor out of range 

29 С No input from Vehicle Speed Sensor 

31 0,C,R EGR Valve Position Sensor out of range (low) 

32 O,C,R EGR valve not seated; closed voltage low 

33 CR EGR valve not opening; Insufficient flow detected 

33 С Throttle Position erratic output 

34 O,C,R EGR Valve Pressure Transducer/Position Sensor sonic voltage above closed limit 
35 .O,C;R EGR Valve Pressure Transducer/Position Sensor voltage out of range (high) 
41 R Heated Oxygen Sensor circuit indicates system lean, right side 
41 C No Heated Oxygen Sensor switch detected, right side 

42 R Heated Oxygen Sensor circuit indicates system rich, right side 
43 C Throttle Position sensor out of range (low) 

44 R Thermactor Air system inoperative, right side 

45 R Thermactor Air upstream during Self-test (5.0L only) 

46 R Thermactor Air not by-passed during Self-test (5.0L only) 

51 O,C Coolant Temperature sensor circuit open 

53 O,C Throttle Position sensor out of range (high) 

54 ос Intake Air Temperature sensor circuit open 

56 O,C ; Mass Air Flow sensor out of range (high) 

61 O,C Coolant Temperature sensor circuit grounded 

63 O,C Throttle Position sensor circuit out of range (low) 

64 ‚ O,C Intake Air Temperature sensor circuit grounded 

66 C Mass Air Flow sensor circuit out-of-range (low) 

67 О Neutral Drive Switch circuit open 

72 R Insufficient Mass Air Flow change during Dynamic Response Test 
73 R Insufficient Throttle Position output during Dynamic Response Test 
74 R Brake On/Off switch failure 

(05) R Brake On/Off circuit failure 

(it R Wide Open Throttle not sensed during Self-test 

79 о Air conditioning on during self-test 

81 О Air Management 2 circuit failure (5.0L only) 

82 О Air Management 1 circuit failure (5.0L only) 

84 О EGR Vacuum Regulator circuit failure 

85 О Canister Purge circuit failure 

87 O,C Primary Fuel Pump circuit failure 

91 R Heated oxygen sensor indicates system lean, left side 

91 C No heated oxygen sensor switching indicated, left side 

92 R Heated oxygen sensor indicates system rich, left side 

94 R Thermactor Air system inoperative, left side (5.0L only) 

95 O,C Fuel Pump circuit open, PCM to motor 

96 еде Fuel Pump circuit open, Battery to PCM 

98 R Hard Fault present 


MO Key On, Engine Off; C = Continuous Memory; R = Engine Running 
————————————ÉÉÉÉÉo5g9 
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3 and 4 Digit Trouble Codes 


Code Test Condition* Probable Cause 

102 O,C,R MAF sensor circuits open or sensor defective 

103 O,C,R MAF sensor screen blocked or sensor defective 

106 O,C,R BARO sensor slow responding 

107 O,C,R BARO sensor low voltage, open sensor circuits or defective sensor. 

108 O,C,R BARO sensor high voltage detected. BARO circuit shorted to power or defective sensor. 
109 0,C,R BARO sensor intermittent. Check for loose connections. 

111 ОСК Раѕѕ 

112 O,R Intake Air Temperature sensor circuit indicates circuit grounded/above 245 degrees F 
113 OR Intake Air Temperature sensor circuit indicates open circuit/below -40 degrees F 

114 O,R Intake Air Temperature sensor out of self-test range 

116 O,R Coolant Temperature sensor out of self-test range 

117 O,C Coolant Temperature circuit below minimum voltage or indicates above 245 degrees F 
118 еде Coolant Temperature sensor circuit above maximum voltage or indicates below -40 degrees Е 
121 ОСК Throttle Position sensor ош of self-test range 

122 еде Throttle Position sensor below minimum voltage 

123 O,C Throttle Position sensor above maximum voltage 

124 C Throttle Position Sensor voltage higher than expected 

125 С Throttle Position Sensor voltage lower than expected 

125 O,C,R Coolant Temp sensor slow response. Check coolant level 

126 O,C,R MAP/BARO sensor higher than expected 

128 с МАР sensor vacuum hose damaged or disconnected 

129 R Insufficient Manifold Absolute Pressure/Mass Air Flow change during Dynamic Response Check 
131 O,C,R Heated oxygen sensor out of range 

133 O,C;R Heated oxygen sensor slow response 

135 O,C,R Heated oxygen sensor circuits open, shorted or grounded 

136 O,C,R Heated oxygen sensor circuits open, shorted or have corroded connections 

136 R Heated oxygen sensor indicates lean condition, left side 

137 R Heated oxygen sensor indicates rich condition, left side 

139 С Мо heated oxygen sensor switching detected, left side 

141 O,C,R Heated oxygen sensor circuits open shorted or grounded 

144 С No heated oxygen sensor switching detected, right side 

151 O,C,R Heated oxygen sensor out of range 

153 O,C;R Heated oxygen sensor slow response 

155 O,C,R Heated oxygen sensor circuits open, shorted or grounded 

156 O,C,R Heated oxygen sensor circuits open, shorted or have corroded connections 

157 R,C Mass Air Flow Sensor below minimum voltage 

158 O,R,C Mass Air Flow Sensor above maximum voltage 

159 O,R Mass Air Flow Sensor out of self-test range 

161 O,C,R Heated oxygen sensor circuits open shorted or grounded 

167 R insufficient Throttle Position Sensor change during Dynamic Response Check 

171 С Heated oxygen sensor unable to switch, right side 

171 R Heated oxygen sensor indicates lean condition, left side 

i2 R,C Heated oxygen sensor indicates lean condition, right side 

2 e R Heated oxygen sensor indicates rich condition, left side 

173 R,C ~ Heated oxygen sensor indicates rich condition, right side 


* О = Key On, Engine Off; С = Continuous Memory; R = Engine Running 
ы 
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3 and 4 Digit Trouble Codes (continued) 


Code Test Condition” Probable Cause 

174 (C Heated oxygen sensor switching slow, right side 

174 R Heated oxygen sensor indicates lean condition, right side 

175 C Heated oxygen sensor unable to switch, left side 

175 R Heated oxygen sensor indicates rich condition, right side 

176 с Heated oxygen sensor indicates lean condition, left side 

176 O,C,R Flexible fuel sensor malfunction 

177 С Heated oxygen sensor indicates rich condition, left side 

178 С Heated oxygen sensor switching slow, left side 

179 С Adaptive Fuel lean limit reached at part throttle, system rich, right side 
180 O,C;R Engine fuel temperature sensor circuit open, shorted or grounded 
181 C Adaptive Fuel rich limit reached at part throttle, right side 

181 O,C;R Engine fuel temperature sensor circuit open, shorted or grounded 
182 0,C,R Engine fuel temperature sensor circuit open, shorted or grounded 
182 С Adaptive Fuel lean limit reached at idle, right side 

183 С Adaptive Fuel rich limit reached at idle, right side 

183 0,C,R Engine fuel temperature sensor circuit open, shorted or grounded 
184 С Mass Air Flow higher than expected 

185 C Mass Air Flow lower than expected 

186 с Injector Pulse-width higher than expected 

186 0,C,R Engine fuel temperature sensor circuit open, shorted or grounded 
187 C Injector Pulse-width lower than expected 

187 O,C,R Engine fuel temperature sensor circuit open, shorted or grounded 
188 с Adaptive Fuel lean limit reached, left side 

188 O,C,R Engine fuel temperature sensor circuit open, shorted or grounded 
189 С Adaptive Fuel rich limit reached, left side 

190 0,C,R Fuel rail pressure sensor circuit open 

191 С Adaptive Fuel lean limit reached at idle, left side 

191 0,C,R Fuel rail pressure sensor circuit performance 

192 С Adaptive Fuel rich limit reached at idle, left side 

192 O,C,R Fuel rail pressure sensor circuit low input 

193 O,C,R Fuel rail pressure sensor circuit high input 

211 С Profile Ignition Pick-up circuit fault 

212 С Ignition module circuit failure/SPOUT circuit grounded 

213 R SPOUT circuit open 

214 С Cylinder identification (CID) circuit failure 

215 С PCM detected coil 1 primary circuit failure 

216 С PCM detected сой 2 primary circuit failure 

217 С PCM detected coil 3 primary circuit failure 

219 C Spark timing defaulted to 10 degrees SPOUT circuit open (El) 
221 C Spark timing error (1993 and 1994 only) 

225 С Knock sensor not detected during dynamic response test KOER 
226 О Ignition Diagnostic Module (IDM) signal not received (El) 

230 O,R Fuel pump primary circuit malfunction. Check fuel pump relay and for open, shorted or grounded wiring 
231 O,R 


Fuel pump primary circuit low. Check fuel pump relay and for open, shorted or grounded wiring 


ie Key On, Engine Ой; C = Continuous Memory; R = Engine Running 
— 9090056 
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Code Test Condition* Probable Cause 

232 O,R Fuel pump primary circuit high. Check fuel pump relay and for open, shorted or grounded wiring. 
Also, inertia switch may be open 

232 C PCM detected coil 1,2,3,4 primary circuit failure (El) 

298 OR Engine oil overheat. Check oil level 

300 O,C;R Random misfire. Check ignition and fuel system 

301 - 308 O,C,R Misfire in the corresponding cylinder. Check ignition and fuel system 

311 R Thermactor Air System inoperative, right side 

313 R Thermactor Air not by-passed 

314 R Thermactor Air inoperative, left side 

320 O,C,R Engine ignition speed input circuit malfunction 

325 0,C,R knock sensor circuit bank 1 

326 СЕ EGR circuit voltage lower than expected 

326 OCR Knock sensor circuit bank 1 

327 О,С,Е EGR Valve Pressure Transducer/Position Sensor circuit below minimum voltage 

328 OICR EGR Valve Position Sensor voltage below closed limit 

330 O,C,R Knock sensor circuit bank 2 

331 O,C,R Knock sensor circuit bank 2 

332 CR EGR valve opening not detected 

334 O,C,R EGR valve position sensor voltage above closed limit 

335 Oo EGR Sensor voltage out-of-range 

336 R EGR circuit higher than expected 

337 O,C,R EGR Valve Pressure Transducer/Position Sensor circuit above maximum voltage 

340 O,C,R Camshaft position sensor circuit. Check wiring for opens, shorts and grounds 

341 O Octane adjust service pin open 

350 O,C,R | Ignition coil primary circuit malfunction. Check each coil primary circuit 

351-358 O,C,R Ignition coil primary circuit malfunction. Check the corresponding coil primary circuit 

401 O,C;R EGR low flow. Check vacuum supply and valve operation 

402 O,C,R EGR flow at idle. Check for a stuck-open valve 

411 R Unable to control RPM during Low RPM Self-test 

411 O,C,R Secondary Air System no or low flow 

412 R Unable to control RPM during High RPM Self-test 

412 O,C,R Secondary Air System circuit open 

415 R Idle Air Control (IAC) system at maximum adaptive lower limit 

416 С Idle Air Control (IAC) system at upper adaptive learning limit 

420 O,C,R Catalyst system low efficiency, left bank 

430 O,C,R Catalyst system low efficiency, right bank 

442 OGR Evaporative control system - small leak detected 

443 O,C,R Evaporative control system canister purge valve circuit malfunction 

452 С No input from Vehicle Speed Sensor 

452 O,C,R FTP sensor circuit 

453 0,C,R FTP sensor circuit high voltage 

455 0,C,R Evaporative control system large leak detected 

460 O,C,R Fuel level sensor circuit 

500 O,C,R Vehicle speed sensor. Check for opens, shorts and grounds in the VSS circuits 

501 O,C,R Vehicle speed sensor. Check for opens, shorts and grounds in the VSS circuits 

503 O,C.R Vehicle speed sensor signal intermittent. Check for opens, shorts and grounds in the VSS circuits 

505 О Idle air control fail during self test 


* О = Key On, Engine ОЁ; C = Continuous Memory; R = Engine Running 
_ ш. ———————————— —- _— — 


6-8 Chapter 6 Emissions and engine control systems 


3 and 4 Digit Trouble Codes (continued) 


Code Test Condition* Probable Cause 


511 @ Read Only Memory test failed - replace PCM 

512 С Keep Alive Memory test failed 

513 О Internal voltage failure in PCM 

519 О Power steering pressure switch (PSP) circuit open 

521 R Power steering pressure switch (PSP) circuit did not change states 
522 о Manual Lever Position (МЕР) sensor circuit open/vehicle in gear 

525 О Indicates vehicle in gear, air conditioning on 

527 О Manual Lever Position (MLP) sensor circuit open, air conditioning on during KOEO 
529 С Data Communication link (DCL) or PCM circuit failure (1993 and 1994 only) 
532 С Cluster Control Assembly (CCA) circuit failure 

533 C Data Communications Link (DCL) or Electronic Instrument Cluster (EIC) circuit failure 
536 C,R Brake ON/Off (BOO) circuit failure/not activated during the KOER 

538 R Insufficient change in RPM/operator error in Dynamic Response Check 
539 О Air conditioning on during Self-test 

542 0,C Fuel Pump circuit open; PCM to motor 

543 0,C Fuel Pump circuit open; Battery to PCM 

551 О Idle Air Control (IAC) circuit failure KOEO 

552 О Air Management 1 circuit failure 

952 0,C,R Power steering pressure sensor open or shorted to ground 

552 О Secondary Air Injection Bypass (AIRB) circuit failure 

553 O Secondary Air Injection Diverter (AIRB) circuit failure 

553 O,C,R Power steering pressure sensor shorted to power 

554 O Fuel Pressure Regulator Control (FPRC) circuit failure 

556 ос Primary Fuel Pump circuit failure 

557 ос Low speed fuel pump primary circuit failure 

558 О EGR Vacuum Regulator circuit failure 

559 О Air Conditioning Оп (АСОМ) relay circuit failure 

563 О High fan control (HFC) circuit failure : 
564 О Fan control (FC) circuit failure 

565 О Canister Purge circuit failure 

569 О Auxiliary Canister Purge (САМР2) circuit failure КОЕО 

571 О EGRA solenoid circuit failure КОЕО 

572 О EGRV solenoid circuit failure KOEO 

578 С A/C pressure sensor circuit shorted 

579 С Insufficient AIR CONDITIONING pressure change 

581 C Power to Fan circuit over current 

582 O Fan circuit open 

583 С Power to Fuel pump over current 

584 С VCRM Power ground circuit open (VCRM Pin 1) 

585 с Power to A/C clutch over current 

586 С А/С clutch circuit open 

587 ос Variable Control Relay Module (VCRM) communication failure 

602 0,C,R Control module programming error CURED 

603 O,C,R Powertrain control module test error 

617 C 1-2 shift error 


“Оз Key On, Engine Off; С = Continuous Memory; R = Engine Running 


—————————————————l lxx 


998 
1000 
1001 


Test Condition* 


© (8) (ә) (ә) (9) (oe) 23) ©) (9 O (о) (о) (о) 


С 

0,C,R 
0,C,R 
0,C,R 
O,C,R 
0,C,R 
O,C,R 
O,C,R 
О 

O,CR 
0,C,R 


Chapter 6 Emissions and engine control systems 6-9 


Probable Cause 

2-3 shift error 

3-4 shift error 

Shift Solenoid 1 (SS 1) circuit failure KOEO 

Shift Solenoid 2 (552) circuit failure КОЕО 

Transmission Control Indicator Light (TCIL) circuit failure 

Electronic Pressure Control (EPC) circuit failure 

Electronic Pressure Control (EPC) driver open in PCM 

Coast Clutch Solenoid (CCS) circuit failure KOEO 

Torque Converter Clutch (TCC) solenoid circuit failure 

Excessive converter clutch slippage 

Torque Converter Clutch (TCC) solenoid circuit failure 

Transmission Control Indicator Lamp (TCIL) circuit failure KOEO 
Transmission Control Switch (TCS) circuit did not change states during KOER 
Manual Lever Position (МІР) sensor voltage higher or lower than expected 
Transmission Fluid Temp (TFT) higher or lower than expected 


Transmission Fluid Temp (TFT) sensor circuit above maximum voltage/ -40°F (-40°C) indicated / circuit 
open 


Transmission Fluid Temp (TFT) sensor circuit below minimum voltage/ 290%Ғ (143%С) indicated / circuit 
shorted 


Insufficient input from Transmission Speed Sensor (TSS) 

Shift Solenoid 3 (SS3) circuit failure 

Torque Converter Clutch (TCC) circuit failure 

Incorrect gear ratio obtained for first gear 

Incorrect gear ratio obtained for second gear 

Incorrect gear ratio obtained for third gear 

Incorrect gear ratio obtained for fourth gear 

Electronic Pressure Control (EPC) higher or lower than expected 
Electronic Pressure Control (EPC) circuit failure 

Torque Converter Clutch (TCC) solenoid circuit failure 
Transmission Control Switch (TCS) did not change states during KOER 
Transmission Range (TR) sensor not indicating PARK during KOEO 
Torque Converter Clutch continuous slip error 

Transmission over temperature condition occurred 

High vehicle speed in park indicated 

Transmission Range sensor circuit voltage below minimum 
Transmission Range circuit voltage above maximum 
Transmission Range sensor circuit voltage out of range 

Brake switch input, check for open switch 

Clutch pedal position switch, check for opens, shorts and grounds 
Insufficient input from output shaft speed sensor 

Noise interference on output shaft speed sensor signal 

No signal from output shaft speed sensor 

Output shaft speed sensor circuit intermittent signal 

Reverse switch input circuit 

Hard fault present 

Monitor testing not complete 

KOER not able to complete 


* o= Key On, Engine Off; C = Continuous Memory; R = Engine Running 
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3 and 4 Digit Trouble Codes (continued) 


Code 
1100 
1101 
1109 
1112 
1114 
1115 
1116 
1117 
1120 
1121 
1124 
1125 
1127 
1128 
1129 
1130 
1131 
1132 
1137 
1138 
1150 
1151 
1152 
1157 
1158 
1168 
1169 
1180 
1181 
1183 
1184 
1233 
1234 
1235 
1236 
1237 
1238 
1244 
1245 
1246 
1260 
1270 
1285 
1288 
1289 


Test Condition* 
O,C;R 
O,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
O,C,R 
O,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
OCR 
O,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
O,C,R 
O,C,R 
0,C,R 
0,C,R 
O,C,R 
0,C,R 
0,C,R 
O,C,R 
O,C,R 
O,C,R 
O,C,R 
O,C,R 
ОСК 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
0,C,R 
O,C,R 
0,C,R 
0,C,R 
0,C,R 
O,C,R 


Probable Cause 

MAF sensor intermittent 

MAF sensor out of self test range 

IAT sensor intermittent signal 

IAT sensor intermittent signal 

IAT sensor low input 

IAT sensor high input 

ECT sensor out of range 

ECT sensor out intermittent 

TPS out of range 

TPS sensor 

TPS sensor out of self test range 

TPS sensor intermittent 

Exhaust not warm enough to test sensor 

Oxygen sensors swapped from bank to bank, check О2 sensor for correct connection 
Oxygen sensors swapped from bank to bank, check O2 sensor for correct connection 
Lack of O2 sensor switch, left bank sensor 1(1/1) 

Lack of O2 sensor switch, lean(1/1) 

Lack of O2 sensor switch, rich 91/1) 


‘Lack of O2 sensor switch, lean, left bank sensor 2(1/2) 


Lack of O2 sensor switch, rich, left bank sensor 2(1/2) 
Lack of O2 sensor switch, right bank sensor 1 (2/1) 
Lack of O2 sensor switch, right bank sensor 1 (2/1) lean 
Lack of O2 sensor switch, right bank sensor 1 (2/1) rich 
Lack of O2 sensor switch, right bank sensor 1 (2/2) lean 
Lack of O2 sensor switch, right bank sensor 1 (2/2) rich 
Fuel rail pressure sensor, low pressure indicated 

Fuel rail pressure sensor, high pressure indicated 

Fuel delivery system low, check fuel filter 

Fuel delivery system high 

Engine oil temperature sensor circuit 

Engine oil temperature sensor self test fail 

Fuel system disabled, check inertia switch 

Fuel system disabled, check inertia switch 

Fuel pump control out of range 

Fuel pump control out of range 


` Fuel pump secondary circuit malfunction 


Fuel pump secondary circuit malfunction 

Generator load input low, check charging system 

Generator load input high, check charging system 

Generator load input failed, check charging system 

Theft detected vehicle immobilized 

Engine RPM vehicle speed limiter 

Cylinder head over temperature sensed 

Cylinder head temperature sensor circuit out of self test range 
Cylinder head temperature sensor circuit high input 


KOE Key On, Engine Off; C = Continuous Memory; R = Engine Running 
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SS SSS SSS Ss SSS shee SS 


Probable Cause 


Cylinder head temperature sensor circuit low input 

Cylinder head over temperature protection active 

Misfire monitor disabled 

DPF-EGR sensor circuit low voltage, check EGR circuits for shorts, opens and grounds 
DPF-EGR sensor circuit high voltage, check EGR circuits for shorts, opens and grounds 
DPF-EGR sensor upstream hose off or plugged 


Code Test Condition* 
1290 0,C,R 
1299 O,C,R 
1309 0,C,R 
1400 0,C,R 
1401 O,C,R 
1405 O,C,R 
1406 O,C,R 
1408 O,C,R 
1409 O,C,R 
1411 O,C,R 
1413 O,C,R 
1414 O,C,R 
1443 O,C,R 
1450 O,C,R 
1451 O,C,R 
1460 O,C,R 
1461 O,C,R 
1462 O,C,R 
1463 O,C,R 
1464 O,C,R 
1469 O,C;R 
1500 O,C,R 
1501 O,C,R 
1502 OCR 
1504 O,C,R 
1506 O,C,R 
1507 ОСК 
1550 O,C,R 
1605 O,C,R 
1633 O,C,R 
1635 O,C,R 


DPF-EGR sensor downstream hose off or plugged 
EGR flow out of self test range 

EGR vacuum regulator solenoid circuit malfunction 
Secondary Air Injection system downstream flow 
Secondary Air injection system monitor circuit high 
Secondary Air Injection system monitor circuit low 
EVAP control system canister purge valve malfunction 
Unable to bleed up fuel tank vacuum 


Wide Open Throttle A/C cutout primary circuit malfunction 
Air Conditioning pressure sensor (ACP) high voltage 
Air Conditioning pressure sensor (ACP) low voltage 


A/C demand out of self test range 

Low А/С cycling period 

Vehicle speed sensor intermittent (VSS) 

Vehicle speed sensor (VSS) out of self test range 
Vehicle speed sensor intermittent (VSS) 

Idle Air Control (IAC) circuit malfunction 

Idle Air Control (IAC) overspeed error 

Idle Air Control (IAC) underspeed error 

Power steering pressure (PSP) sensor malfunction 
Keep Alive Memory test failure 

Keep Alive power voltage too low 

Tire/Axle ratio out of acceptable range 


fo- Key On, Engine Off; C = Continuous Memory; R = Engine Running 


EVAP control system canister vent solenoid circuit malfunction 


Air Conditioning pressure sensor (ACP) insufficient pressure change 


Obtaining codes - 1996 and 
later models 


OBD-II Diagnostic Trouble Codes 
(DTCs) and the Malfunction 
Indicator Light (MIL) 


27 To test the critical emission control com- 
ponents, circuit and systems on an OBD-II 
vehicle, the PCM runs a series of monitors 
during each vehicle trip. The monitors are a 
Series of testing protocols used by the PCM 
lo determine whether each monitored compo- 
hent, circuit or system is functioning satisfac- 
torily. The monitors must be run in a certain 
order. For example, the oxygen sensor monitor 
cannot run until the engine, the catalytic con- 
verter and the oxygen sensors are all warmed 
up. Another example, the misfire monitor 
cannot run until the engine is in closed-loop 


operation. (For a good overview of the OBD-II 
monitors, see the Haynes OBD-II and Elec- 
tronic Engine Management Systems Tech- 
book). An OBD-II trip consists of operating the 
vehicle (after an engine-off period) and driving 
it in such a manner that the PCM's monitors 
test all of the monitored components, circuits 
and systems at least once. 

28 If the PCM recognizes a fault in some 
component, circuit or system while it's running 
the monitors, it stores a Diagnostic Trouble 
Code (DTC) and turns on the Malfunction 
Indicator Light (MIL) on the instrument cluster. 
A DTC can self-erase, but only after the MIL 
has been extinguished. For example, the MIL 
might be extinguished for a misfire or fuel sys- 
tem malfunction if the fault doesn't recur when 
monitored during the next three subsequent 
sequential driving cycles in which the condi- 


tions are similar to those under which the mal- 
function was first identified. (For other types 
of malfunctions, the criteria for extinguishing 
the MIL can vary.) 
29 Once the MIL has been extinguished, 
the PCM must pass the diagnostic test for 
the most recent DTC for 40 warm-up cycles 
(80 warm-up cycles for the fuel system moni- 
tor and the misfire monitor). A warm-up cycle 
consists of the following components: 
The engine has been started and is 
running 
The engine temperature rises by at least 
40-degrees above its temperature 
when it was started 
The engine coolant temperature crosses 
the 160-degree F mark 
The engine is turned off after meeting the 
above criteria 
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Obtaining DTCs 

Refer to illustrations 2.30a and 2.30b 

30 Of course, if the MIL does NOT go out 
after several driving cycles, its probably an 
indication that something must be repaired 
or replaced before the DTC can be erased 
and the MIL extinguished. This means that 
you will need to extract the DTC(s) from the 
PCM, make the necessary repair or replace a 
component, then erase the DTC yourself. You 
can extract the DTCs from the PCM by plug- 
ging a generic OBD-II scan tool (see illustra- 
tion) into the PCM's data link connector (see 
illustration), which is located under the left 
side of the dash. Plug the scan tool into the 


2.30a Scan tools 
like these from 
Actron and AutoXray 
are powerful 
and relatively 
inexpensive. They 
have a lot of features 
that were once found 
only on expensive 
professional 
scanners 


16-pin data link connector (DLC), then follow 
the instructions included with the scan tool to 
extract all the diagnostic codes. 


Erase the DTC(s), turn off the turn off the MIL. On most tools, you simply 
MIL and verify the repair press a button to erase DTCs and turn off the 
31 Once you've completed the repair or MIL, but on some tools you'll have to locate 
replaced the component, use your code this function by using the menu on the tool's 


reader or scan tool to erase the DTC(s) and display. If it isn't obvious, follow the instruc- 
tions that come with your tool. 


— 


OBD-II trouble codes 
Note: Not all trouble codes apply to all models. 
Code Probable cause 
P0010 Intake camshaft position actuator circuit, open/short in Variable Cam Timing 
(VCT) circuit or solenoid (Bank 1) 
P0011 Intake camshaft position timing over-advanced (Bank 1) 
P0012 Variable cam timing over-retarded (Bank 1) 
P0013 Exhaust cam position actuator circuit, open/short in VCT circuit or solenoid or 
open in VPWR circuit (Bank 1) 2.30b The 16-pin Data Link Connector 
P0020 Intake camshaft position actuator circuit, open circuit (Bank 2) (DLC) is emer Op — ihe left side of 
P0021 Intake camshaft position timing over-advanced (Bank 2) 
P0022 Intake camshaft position timing over-retarded (Bank 2) 
P0040 Upstream oxygen sensors swapped from bank to bank (crossed wiring harnesses) 
P0041 Downstream oxygen sensors swapped from bank to bank (crossed wiring harnesses) 
P0053 Upstream oxygen sensor heater resistance, heater current requirements too low or too high (Bank 1) 
P0054 Downstream oxygen sensor heater resistance, heater current requirements too low or too high (Bank 1) 
P0055 Second downstream oxygen sensor heater resistance, heater current requirements too low or too high (Bank 1) 
P0059 Upstream oxygen sensor heater resistance, heater current requirements too low or too high (Bank 2) 
P0060 Downstream oxygen sensor heater resistance, heater current requirements too or too high (Bank 2) 
P0061 Second downstream oxygen sensor heater resistance, heater current requirements too low or too high (Bank 2) 
P0068 Throttle Position (TP) sensor inconsistent with Mass Air Flow sensor 
P0102 Mass Air Flow (MAF) sensor circuit, low input 
P0103 Mass Air Flow (MAF) sensor circuit, high input 
P0104 Mass Air Flow (MAF) sensor circuit, intermittent or erratic 
P0106 Barometric (BARO) pressure sensor circuit, performance problem 
P0107 Barometric (BARO) pressure sensor/MAP sensor circuit, low voltage 
P0108 Barometric (BARO) pressure sensor/MAP sensor circuit, high voltage 
P0109 BARO sensor circuit intermittent 
P0112 Intake Air Temperature (IAT) sensor circuit, low input 
P0113 Intake Air Temperature (IAT) sensor circuit, high input 


P0114 Intake Air Temperature (IAT) sensor circuit, intermittent or erratic 
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Code Probable cause А 
Р0116 Engine Coolant Temperature (ECT) circuit range or performance problem 
P0117 Engine Coolant Temperature (ECT) sensor circuit, low input 
P0118 Engine Coolant Temperature (ECT) sensor circuit, high input 
P0119 Engine Coolant Temperature (ECT) sensor circuit, intermittent or erratic 
P0121 ETC Throttle Position (TP) circuit, performance problem 
P0121 Throttle Position (TP) circuit, performance problem 
P0122 ETC Throttle Position (TP) sensor circuit, low input 
P0122 Throttle Position (TP) sensor circuit, low input 
P0123 ETC Throttle Position (TP) sensor circuit, high input 
P0123 Throttle Position (TP) sensor circuit, high input 
P0125 Insufficient coolant temperature for closed loop fuel control 
P0127 Intake air temperature too high 
P0128 Coolant temperature below thermostat regulated temperature 
P0131 Upstream heated O2 sensor circuit low voltage (Bank 1) 
P0133 Upstream heated O2 sensor circuit slow response (Bank 1) 
P0135 Upstream heated O2 sensor heater circuit fault (Bank 1) 
P0136 Downstream heated O2 sensor fault (Bank 1) 
P0141 Downstream heated O2 sensor heater circuit fault (Bank 1) 
P0148 Fuel delivery error 
P0151 Upstream heated O2 sensor circuit low voltage (Bank 2) 
P0153 Upstream heated O2 sensor circuit slow response (Bank 2) 
P0155 Upstream heated O2 sensor heater circuit fault (Bank 2) 
P0156 Downstream heated O2 sensor fault (Bank 2) 
P0161 Downstream heated O2 sensor heater circuit fault (Bank 2) 
P0171 System too lean (Bank 1) 
P0172 System too rich (Bank 1) 
P0174 System too lean (Bank 2) 
P0175 System too rich (Bank 2) 
P0180 Engine Fuel Temperature (EFT) sensor A circuit, low input 
P0181 Engine Fuel Temperature (EFT) sensor A circuit, range/performance problem 
P0182 Engine Fuel Temperature (EFT) sensor A circuit, low input 
P0183 Engine Fuel Temperature (EFT) sensor A circuit, high input 
P0186 Engine Fuel Temperature (EFT) sensor B circuit, range/performance problem 
P0187 Engine Fuel Temperature (EFT) sensor B circuit, low input 
P0188 Engine Fuel Temperature (EFT) sensor B circuit, high input 
P0190 Fuel Rail Pressure (FRP) sensor circuit malfunction 
P0191 Fuel Rail Pressure (FRP) sensor circuit performance 
P0192 Fuel Rail Pressure (FRP) sensor circuit, low input 
P0193 Fuel Rail Pressure (FRP) sensor circuit, high input 
P0196 Engine Oil Temperature (EOT) sensor circuit, range/performance problem 
P0197 Engine Oil Temperature (EOT) sensor circuit, low input 
P0198 Engine Oil Temperature (EOT) sensor circuit, high input 
. P0201 Injector No. 1 circuit malfunction 
| P0202 Injector No. 2 circuit malfunction 
P0203 Injector No. 3 circuit malfunction 
P0204 Injector No. 4 circuit malfunction 
P0205 Injector No. 5 circuit malfunction 
P0206 Injector No. 6 circuit malfunction 
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OBD-II trouble codes (continued) 
Note: Not all trouble codes apply to all models. 


Code Probable cause 

P0207 Injector No. 7, circuit malfunction 

P0208 Injector No. 8, circuit malfunction 

P0217 Engine coolant over-temperature condition 

P0218 Transmission Fluid Temperature (TFT), overheating condition 
P0219 Engine over speed condition 

P0221 Throttle Position (TP) sensor 2 circuit, range/performance problem 
P0222 Throttle Position (TP) sensor 2 circuit, low input 

P0223 Throttle Position (TP) sensor 2 circuit, high input 

P0230 Fuel pump primary circuit malfunction 

P0231 Fuel pump secondary circuit, low voltage 

P0232 Fuel pump secondary circuit, high voltage 

P0234 Supercharger overboost condition 

P0243 Supercharger boost bypass solenoid, circuit malfunction 

P0297 Vehicle over speed condition 

P0298 Engine oil high-temperature condition 

P0300 Random misfire detected 

P0301 Cylinder No. 1, misfire detected 

P0302 Cylinder No. 2, misfire detected 

P0303 Cylinder No. 3, misfire detected 

P0304 Cylinder No. 4, misfire detected 

P0305 Cylinder No. 5, misfire detected 

P0306 Cylinder No. 6, misfire detected 

P0307 Cylinder No. 7, misfire detected 

P0308 Cylinder No. 8, misfire detected 

P0310 Misfire detection monitor 

P0315 PCM unable to learn crankshaft pulse wheel tooth spacing (exceeds allowable correction tolerances) 
P0316 Misfire occurred during first 1000 engine revolutions 

P0320 Ignition engine speed input, circuit malfunction 

P0325 Knock sensor No. 1, circuit malfunction (Bank 1) 

P0326 Knock sensor No. 1, circuit range or performance problem (Bank 1) 
P0330 Knock sensor No. 2, circuit malfunction (Bank 2) 

P0331 Knock sensor No. 2, circuit range or performance problem (Bank 2) 
P0340 Camshaft Position (CMP) sensor, circuit malfunction (Bank 1) 
P0345 Camshaft Position (CMP) sensor, circuit malfunction (Bank 2) 
P0350 Ignition coil (undetermined), primary or secondary circuit malfunction 
P0351 Ignition coil A, primary or secondary circuit malfunction 

P0352 Ignition coil B, primary or secondary circuit malfunction 

P0353 Ignition coil C, primary or secondary circuit malfunction 

P0354 Ignition coil D, primary or secondary circuit malfunction 

P0355 Ignition coil E, primary or secondary circuit malfunction 

P0356 Ignition coil Р, primary or secondary circuit malfunction 

P0357 Ignition coil G, primary or secondary circuit malfunction 

P0358 Ignition coil H, primary or secondary circuit malfunction 

P0400 EGR flow failure (outside the minimum or maximum limits) | 
Р0401 Exhaust Gas Recirculation (EGR) valve, insufficient flow detected | 
Р0402 Exhaust Gas Recirculation (EGR) valve, excessive flow detected 
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Code Probable cause 3 
P0403 EGR vacuum regulator solenoid, circuit malfunction (vehicles without electric EGR) 
P0405 Differential Pressure Feedback (DPF) EGR sensor circuit, low voltage detected 
P0406 Differential Pressure Feedback (DPF) EGR sensor circuit, high voltage detected 
P0411 Secondary Air Injection (AIR) system, upstream flow 
P0412 Secondary Air Injection (AIR) system, circuit malfunction 
P0420 Catalyst system efficiency below threshold (Bank 1) 
P0421 Catalyst system efficiency below threshold (Bank 1) 
P0430 Catalyst system efficiency below threshold (Bank 2) 
P0431 Catalyst system efficiency below threshold (Bank 2) 
P0442 EVAP control system, small leak detected 
P0443 EVAP control system, canister purge valve, circuit malfunction 
P0446 EVAP control system canister vent solenoid, circuit malfunction 
P0451 EVAP system Fuel Tank Pressure (FTP) sensor, circuit out of range or performance problem 
P0452 Fuel Tank Pressure (FTP) sensor circuit, low voltage detected 
P0453 Fuel Tank Pressure (FTP) sensor circuit, high voltage detected 
P0454 Fuel Tank Pressure (FTP) sensor, noisy circuit 
P0455 EVAP control system, leak detected (no purge flow or large leak) 
P0456 EVAP control system, very small leak detected 
P0457 EVAP control system, leak detected (fuel filler neck cap loose or off) 
P0460 Fuel level sensor, circuit malfunction 
P0461 Fuel level sensor circuit, range or performance problem 
P0462 Fuel level sensor circuit, low input 
P0463 Fuel level sensor circuit, high input 
P0480 Cooling fan electrical malfunction 
P0480 Low Fan Control (LFC)/Fan Control No. 1 (FC1) primary circuit malfunction 
P0481 High Fan Control (HFC)/Fan Control No. 3 (FC3) primary circuit malfunction 
P0482 Medium Fan Control (MFC), primary circuit failure 
P0500 Vehicle Speed Sensor (VSS) malfunction 
P0501 Vehicle Speed Sensor (VSS), range or performance problem 
P0503 Vehicle Speed Sensor (VSS), intermittent malfunction 
P0505 Idle Air Control (IAC) system malfunction 
P0506 Idle Air Control (IAC) system, rpm lower than expected 
P0507 Idle Air Control (IAC) system, rpm higher than expected 
P0511 Idle Air Control (IAC) system, circuit malfunction 
P0532 Air Conditioning Pressure (ACP) sensor, high voltage detected 
P0533 Air Conditioning Pressure (ACP) sensor, low voltage detected 
P0534 Low air conditioning cycling period (frequent A/C compressor clutch cycling) 
P0537 Air Conditioning Evaporator Temperature (АСЕТ) circuit, low input 
P0538 Air Conditioning Evaporator Temperature (ACET) circuit, high input 
P0552 Power Steering Pressure (PSP) sensor circuit, low input 
P0553 Power Steering Pressure (PSP) sensor circuit, high input 
P0602 Control module programming error 

. P0603 Powertrain Control Module (PCM) Keep-Alive-Memory (KAM) error 

+ P0605 Powertrain Control Module (PCM) Read-Only-Memory (ROM) error 
P0606 Powertrain Control Module (PCM) internal communication error 
P0620 Alternator control circuit failure 
P0622 Alternator field terminal circuit failure 
P0645 Open or shorted Wide-Open Throttle A/C cutoff (WAC) circuit shorted or open or damaged WAC relay 


ҸҸ 
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OBD-II trouble codes (continued) 


Note: Not all trouble codes apply to all models. 


Code Probable cause 

P0660 Intake Manifold Tuning Valve (IMTV) contro! circuit open (Bank 1) 
P0663 Intake Manifold Tuning Valve (IMTV) control circuit open (Bank 2) 
P0703 Brake switch circuit input malfunction 

P0704 Clutch pedal position switch malfunction 

P0720 Insufficient input from Output Shaft Speed (OSS) sensor 

P0721 Noise interference on Output Shaft Speed (OSS) sensor signal 
P0722 No signal from Output Shaft Speed (OSS) sensor 

P0723 Output Shaft Speed (OSS) sensor circuit, intermittent failure 


3  Powertrain Control Module (PCM) easily distinguished by the aluminum casing 
— L surrounding the module. 

Refer to illustration 3.1 3 . Remove the air cleaner assembly and 
the air ducts (see Chapter 4). 

Disconnect the PCM wiring harness. 
On some models there is a large connector 
retained by a bolt, on some later models there 
are several pull-out connectors. 

5 Remove the retainers securing the PCM 
and bracket to the firewall and remove the 
PCM. Note: Avoid any static electricity dam- 
age to the computer by using gloves and a 
special anti-static pad to store the PCM on 
once it is removed. 

6 Installation is reversal of removal. Note: 
The vehicle may have to be driven up to ten 
miles after PCM replacement to allow the 
PCM to relearn its adaptive strategy. 


1  Disconnect the negative battery cable. 
2 Тһе Powertrain Control Module (PCM)is 4 
located on the drivers side of the engine com- 
partment, above and to the right of the steer- 
ing column (see illustration). The PCM is 


4 Information sensors 


Engine coolant temperature 


sensor 
Refer to illustrations 4.2, 4.3 and 4.4 
Note: Later models have both a coolant tem- 


4.2 Check the resistance of the coolant 
temperature sensor with the engine 
completely cold and then with the engine 
at operating temperature. Resistance 
should decrease as temperature increases 
(4.6L engine shown) 


. -4 


4.3 Working on the harness side, check 
the voltage from the PCM to the coolant 
temperature sensor with the ignition key 
ON and the engine not running. It should 
be approximately 5.0 volts 
(4.6L model shown) 
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perature sensor and a cylinder head tempera- 
ture sensor. The following checks apply only 
to coolant temperature sensors. 2005 models 
have only a cylinder head temperature sensor. 


General description 

1 The coolant sensor is a thermistor (a 
resistor which varies the value of its volt- 
age output in accordance with temperature 
changes). The change in the resistance 
values will directly affect the voltage signal 
from the coolant sensor. As the sensor tem- 
perature DECREASES, the resistance val- 
ues will INCREASE. As the sensor tempera- 
ture INCREASES, the resistance values will 
DECREASE. A failure in the coolant sensor 
circuit should set a Code 21, 51 or 61 for the 
two-digit code system or 116, 117 or 118 for 
the three digit code system. These codes indi- 
cate a failure in the coolant temperature cir- 
cuit, so in most cases the appropriate solution 
to the problem will be either repair of a wire or 
replacement of the sensor. 


Check 


Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

2 Check the resistance value of the coolant 
temperature sensor while it is completely cold 
(50 to 65-degrees F). The resistance should 
be approximately 58,750 to 40,500 ohms (see 
illustration). Next, start the engine and warm 
it up until it reaches operating temperature 
(180 to 220-degrees F). The resistance should 
be lower, approximately 3,600 to 1,840 ohms. 
Note: Access to the coolant temperature 
sensor makes it difficult to position electrical 
probes on the terminals. If necessary, remove 
the sensor and perform the tests in a pan of 
heated water to simulate the conditions. 

3 Ifthe resistance values on the sensor are 


` correct, check the signal voltage to the sensor 


from the PCM (see illustration). It should be 
approximately 5.0 volts. 


Replacement 


Warning: The engine must be completely 
cool before beginning this procedure. 
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4.4 To prevent leakage, wrap the threads 
of the coolant temperature sensor with 
Teflon tape before installing it 


4 Before installing the new sensor, wrap 
the threads with Teflon sealing tape to prevent 
leakage and thread corrosion (see illustra- 
tion). 

5 Тогетоуе the sensor, unplug the electri- 
cal connector, then carefully unscrew it. Cau- 
tion: Handle the coolant sensor with care. 
Damage to this sensor will affect the opera- 
tion of the entire fuel injection system. Install 
the sensor and tighten it securely. 


Manifold Absolute Pressure 
(MAP) sensor 


Refer to illustration 4.9 


Note: Later models do not have а MAP sen- 
Sor. 


General description 

6 The Manifold Absolute Pressure (МАР) 
sensor monitors the intake manifold pres- 
sure changes resulting from changes in 
engine load and speed and converts the 
information into a voltage output. The PCM 
uses the MAP sensor to contro! fuel deliv- 
ery and ignition timing. The PCM will receive 
information as a frequency-generated volt- 
age signal. This signal can be detected 
using a tachometer. The frequency will vary 
from 310 “rpm” at closed throttle (high vac- 
uum) to 200 "rpm" at wide open throttle (low 
vacuum). 

7 A failure in the MAP sensor circuit should 
set a Code 22 or 72 for the two digit code sys- 
tem or 126, 128 or 129 for the three digit code 
system. 


Check 

. Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

8  Disconnect the electrical connector from 
the MAP sensor. Using a voltmeter, check for 


reference voltage to the MAP sensor on the 
VREF wire. With the ignition key ON (engine 
not running), the reference voltage should be 
approximately 4.0 to 6.0 volts. 

9 Connect the electrica! connector to the 
MAP sensor and backprobe the harness 
with a tachometer. With the ignition key ON 
(engine not running) check the signal from 
the MAP/BP Signal wire (middle terminal) to 
the signal return wire (ground) (see illustra- 
tion). Connect a tachometer to the signal 
wire and set the meter to the six-cylinder 
Scale. 

10 Use a hand-held vacuum pump and 
apply 10 in-Hg of vacuum to the MAP sen- 
sor and observe the tachometer readings. 
Without vacuum, the tachometer should read 
approximately 310 rpm. With 20 in-Hg of 
vacuum applied, the tachometer should read 
about 200 rpm. Look for a smooth transition 
between these two readings. 

11 If the test results are incorrect, replace 
the MAP sensor. 


Oxygen sensor 
Refer to illustrations 4.14, 4.16 and 4.23 


General description and check 
Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

12 The heated oxygen sensors (HEGO), 
which are located in the exhaust manifolds, 
monitor the oxygen content of the exhaust gas 
stream. The oxygen content in the exhaust 
reacts with the oxygen sensor to produce a 
voltage output which varies from 0.1-volt (high 
oxygen, lean mixture) to 0.9-volts (low oxygen, 
rich mixture). The PCM constantly monitors 
this variable voltage output to determine the 
ratio of oxygen to fuel in the mixture. The PCM 
alters the air/fuel mixture ratio by controlling 
the pulse width (open time) of the fuel injec- 
tors. A mixture ratio of 14.7 parts air to 1 part 
fuel is the ideal mixture ratio for minimizing 
exhaust emissions, thus allowing the catalytic 
converter to operate at maximum efficiency. It 
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is this ratio of 14.7 to 1 which the PCM and 
the oxygen sensor attempt to maintain at all 
times. 

13 Тһе oxygen sensor produces no voltage 
when it is below its normal operating tempera- 
ture of about 600-degrees F. During this initial 
period before warm-up, the PCM operates in 
open loop mode. 

14 Allow the engine to reach normal oper- 
ating temperature and check that the oxygen 
sensor is producing a steady signal voltage 
between 0.35 and 0.55-volts (see illustra- 
tion). 

15 A delay of two minutes or more between 
engine start-up and normal operation of the 
sensor, followed by a low or a high voltage 
signal or a short in the sensor circuit, will 
cause the PCM to also set a code. Codes that 
indicate problems in the oxygen sensor sys- 
tem are 41 and 42 for the two digit code sys- 
tem and 136, 137, 144 and 171 through 183 
for the three digit code system. 

16 Also check to make sure the oxygen 
sensor heater(s) is supplied with battery volt- 


aaa RETURN 
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4.9 Using a tachometer set on the 
6-cylinder scale, probe the backside of 
the MAP electrical sensor MAP/BP Signal 
wire and SIGNAL RETURN (ground wire) 
and check for a frequency voltage. It 
should be between 300 and 320 rpm with 
no vacuum, depending on the altitude. It 
is possible to place the negative probe 
of the voltmeter onto another more 
convenient ground (valve cover bolt). Now 
apply a vacuum of 20 in-Hg. and conform 
that the reading decreases to 200 to 230 
rpm. There should be a smooth transition 
between the readings 


4.14 Using pins or 
paper clips, backprobe 
SIG (signal) and GND 
(ground) and check for 
a varying millivolt signal 
as the system adjusts 
the air/fuel ratio. Voltage 
should remain steady 
as the engine warms-up 
(open loop) and then 
vary from 0.10 volts 
(100 millivolts) to 0.9 
volts (900 millivolts) if 
the system is operating 
properly (closed loop) 


(some models) 
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4.16 Working on the harness side, probe the electrical connector 
(Key Power) and check for battery voltage with the ignition 


key On and the engine not running 


age (see illustration). 

17 When any of the above codes occur, the 
PCM operates in the open loop mode - that 
is, it controls fuel delivery in accordance with 
a programmed default value instead of feed- 
back information from the oxygen sensor. 

18 The proper operation of the oxygen sen- 
sor depends on four conditions: 

a) Electrical - The low voltages generated 
by the sensor depend upon good, clean 
connections which should be checked 
whenever a malfunction of the sensor is 
suspected or indicated. 

b) Outside air supply - The sensor is 
designed to allow air circulation to the 
internal portion of the sensor. Whenever 
the sensor is removed and installed or 
replaced, make sure the air passages 
are not restricted. 

c) Proper operating temperature - The 
PCM will not react to the sensor signal 
until the sensor reaches approximately 
600-degrees F. This factor must be taken 
into consideration when evaluating the 
performance of the sensor. 

d) Unleaded fuel - The use of unleaded 
fuel is essential for proper operation of 
the sensor. Make sure the fuel you are 
using is of this type. 

19 Іп addition to observing the above con- 
ditions, special care must be taken whenever 
the sensor is serviced: 

a) The oxygen sensor has a permanently- 
attached pigtail and electrical connector 
which should not be removed from the 
sensor. Damage or removal of the pig- 
tail or electrical connector can adversely 
affect operation of the sensor. 

b) Grease, dirt and other contaminants should 
be kept away from the electrical connector 
and the louvered end of the sensor. 

c) Do not use cleaning solvents of any kind 
on the oxygen sensor. 

d) Do not drop or roughly handle the sensor. 

e) The silicone boot must be installed in the 
correct position to prevent the boot from 
being melted and to allow the sensor to 
operate properly. 


Replacement 

Note: Because it is installed in the exhaust 
manifold or pipe, which contracts when cool, 
the oxygen sensor may be very difficult to 
loosen when the engine is cold. Rather than 
risk damage to the sensor (assuming you are 
planning to reuse it in another manifold or 
pipe), start and run the engine for a minute 
or two, then shut it off. Be careful not to burn 
yourself during the following procedure. 

20 Disconnect the cable from the negative 
terminal of the battery. 

21 Raise the vehicle and place it securely 
on jackstands. 

22 Carefully disconnect the electrical con- 
nector from the sensor. 

23 Carefully unscrew the sensor from the 
exhaust manifold (see illustration). 

24  Anti-seize compound must be used on 
the threads of the sensor to facilitate future 
removal. The threads of new sensors will 
already be coated with this compound, but 
if an old sensor is removed and reinstalled, 
recoat the threads. 

25 Install the sensor and tighten it securely. 
26 Reconnect the electrical connector of 
the pigtail lead to the main engine wiring har- 
ness. 

27 Lower the vehicle and reconnect the 
cable to the negative terminal of the battery. 


36094-6-4.29 HAYNES 
Signal 
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4.23 Removing an oxygen sensor using a special socket (exhaust 
system removed for clarity) 


Throttle Position Sensor (TPS) 


General description 

28 The Throttle Position Sensor (TPS) is 
located on the end of the throttle shaft on the 
throttle body. By monitoring the output volt- 
age from the TPS, the PCM can determine 
fuel delivery based on throttle valve angle 
(driver demand). A broken or loose TPS can 
cause intermittent bursts of fuel from the 
injector and an unstable idle because the 
PCM thinks the throttle is moving. Any prob- 
lems in the TPS or circuit will set a code 23 
or 53 for the two digit code system or 122 
through 125 for the three digit code system. 


Check 

Refer to illustrations 4.29 and 4.32 

Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-il and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

29 To check the TPS, turn the ignition switch 
to ON (engine not running) and install the 
probes of the voltmeter into the ground wire 
and signal wire on the backside of the electrical 
connector (see illustration). This test checks 
for the proper signal voltage from the TPS. 
Note: Be careful when backprobing the electri- 


4.29 Check the signal 
voltage from the TPS 
with a voltmeter. 
Backprobe terminal 
SIG (signal) with the 
positive (+) probe 
of the voltmeter and 


SIG RTN (ground) 
with the negative 
probe (-) of the 
voltmeter. With the 
throttle closed, 
the voltage should 
read 0.5 to 1.0 volts 
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M 
4.32 With the TPS electrical connector 


disconnected, check the resistance of the 
TPS with the throttle completely closed 


cal connector. Do not damage the wiring har- 
ness or pull on any connectors to make clean 
contact. Be sure the probes are placed in the 
correct position by referring to the illustration. 
30 The sensor should read 0.50 to 1.0-volt 
at idle. Have an assistant depress the accel- 
erator pedal to simulate full throttle and the 
sensor should increase voltage to 4.0 to 5.0- 
volts. If the TPS voltage readings are incor- 
rect, replace it with a new unit. 

31 Also, check the TPS reference voltage. 
With the ignition key ON (engine not running), 
install the positive (*) probe of the voltmeter 
onto the voltage reference wire (REF). There 
should be approximately 5.0 volts sent from 
the PCM to the TPS. 

32 Also, check the resistance of the poten- 
tiometer within the TPS. Disconnect the TPS 
electrical connector and, working on the sen- 
sor side, connect the probes of the ohmmeter 
onto the ground wire and the TPS signal wire. 
With the throttle valve fully closed, read the 
resistance in K-ohms (see illustration). 

33 Now open the throttle with one hand and 
check the resistance again. Slowly advance 
the throttle until fully open. The resistance 
should be approximately 350 ohms. The 
potentiometer should exhibit a smooth change 
in resistance as it travels from fully closed to 
wide open throttle. Any deviations indicate a 
possible worn or damaged TPS. Note: Resis- 
tance specifications vary according to year, 
engine and model. Be sure to observe fluctua- 
tions in the resistance readings as the throttle 
goes from closed to wide open. 


Replacement 

34 The TPS is a non-adjustable unit. 
Remove the throttle body (see Chapter 4) and 
working on a bench, remove the two retaining 
screws and separate the TPS from the throttle 
body. Note: On 1997 and later models, it will 
not be necessary to remove the throttle body 
to access the TPS mounting bolts. 

35 Installation is the reverse of removal. 
Be sure to use a new throttle body gasket 
between the uppér intake manifold and the 
throttle body. 


MAF SIF RTN. 
MAF SIG 
1993 through 1996 
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Mass Airflow Sensor (МАЕ) 


General Information 

36 The Mass Airflow Sensor (MAF) is located 
on the air intake duct. This sensor uses a hot 
wire sensing element to measure the amount 
of air entering the engine. The air passing over 
the hot wire causes it to cool. Consequently this 
change in temperature can be converted into 
an analog voltage signal to the PCM which in 
turn calculates the required fuel-injector pulse 
width. The MAF sensor on 1993 through 1996 
models is located on top of the air cleaner hous- 
ing. The MAF sensor on 1997 and later models 
is located inside the air cleaner housing. 


Check 

Refer to illustration 4.37 

Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

37 Check for power to the MAF sensor. Dis- 
connect the MAF sensor electrical connector, 
work on the harness side and probe the con- 
nector to check for battery voltage (see illus- 
tration). Use the VPWR terminal. 

38 Reconnect the harness electrical con- 
nector and backprobe the MAF SIGNAL and 
MAF SIG RTN (see illustration 4.37) with the 
voltmeter and check for the voltage. The volt- 
age should be 0.2 to 1.5 volts at idle. Note: 
This test will not apply to 1997 and later mod- 


4.44a Remove the four bolts (arrows) 
and separate the MAF sensor from the air 
cleaner housing (1994 model shown) 
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4.37 Probe the 
VPWR terminal on 
the harness side of 
the MAF sensor and 
check for battery 
voltage to the 
MAF sensor (2001 
model shown) 


els. The MAF sensor harness connector is not 
accessible for backprobing while the engine 
is running. Have the MAF sensor tested by a 
dealer service department or other qualified 
auto repair facility. 

39 Raise the engine rpm with the vehicle 
transmission in Park. The signal voltage from 
the MAF sensor should increase to about 2.0 
volts at 60 mph. It is impossible to simulate 
these conditions in the driveway at home but 
it is necessary to observe the voltmeter for a 
fluctuation in voltage as the engine speed is 
raised. The vehicle will not be under load con- 
ditions in the driveway but it should manage 
to vary slightly. 

40 Disconnect the МАҒ harness connector 
and use an ohmmeter and probe the termi- 
nals MAF SIGNAL and MAF SIG RTN. If the 
hot wire element inside the sensor has been 
damaged it will be indicated by an open circuit 
(infinite resistance). 

41 If the voltage readings are correct, check 
the wiring harness for open circuits or a dam- 
aged harness (see Chapter 12). 


Replacement 

Refer to illustrations 4.44a and 4.44b 

42 Disconnect the harness electrical connec- 
tor from the MAF sensor. Note: On 1997 and 
later models, it will be necessary to remove 
the air cleaner assembly from the engine (see 
Chapter 4) to access the MAF sensor. 

43 Remove the air cleaner outlet tube 
assembly (see Chapter 4). 

44 Remove the MAF sensor retaining bolts 
(see illustrations). 

45 Installation is the reverse of removal. 


4.44b Remove the MAF sensor mounting 
bolts (arrows) 
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Transmission Range (TR) 


sensor 
Refer to illustration 4.48 


General description 

Note: Most transmissions on 1992 through 
1995 models are equipped with a manual 
lever position (MLP) sensor. The MLP sen- 
sor functions as a switching device for the 
starting system. The MLP sensor information 
is not processed by the PCM. The transmis- 
sion range sensor, оп 1996 and later mod- 
els, relays information to the PCM for start- 
ing, TCC engagement and other driveability 
features of the EEC-IV and EEC-V systems. 
However, there are some earlier models with 
the 5.0L SFI and 4R70W transmissions that 
also are equipped with a range sensor. This 
sensor is powered by the PCM and cannot be 
tested. Have the range sensor checked by a 
dealer service department or other qualified 
auto repair facility. 

46 The range sensor located on the trans- 
mission indicates to the PCM when the trans- 
mission is in Park, Neutral, Drive or Reverse. 
This information is used for starting, Trans- 
mission Converter Clutch (TCC), Exhaust Gas 
Recirculation (EGR) and Idle Speed Control 
(ISC) valve operation. For example, if the sig- 
nal wire(s) become grounded, it may be dif- 
ficult to start the engine in Park or Neutral. 

47 |n the event there is a problem with the 
range sensor, first check the terminal connec- 
tors for proper attachment. 

48 Use a voltmeter and with the ignition 
key ON (engine not running), check for power 
from the fused RUN circuit (see illustration) 
of the switch. There should be voltage pres- 
ent. 

49 Check the adjustment of the switch (see 
Chapter 7). !f the switch is out of adjustment, 
perform the procedure and clear the codes. 
Recheck the system for any other problems. 


1997 and later 
models 


4.48 Check for battery voltage 
to the TR sensor on: 


Terminal number 2 on 1996 4R70W 
transmissions 

Terminal number 7 оп 1996 E4OD 
transmissions 

Terminal number 9 on all 1997 and 
later transmissions 


50 Апу further diagnostics of the range sen- 
sor must be performed by a dealer service 
department or other repair shop because 
this system requires a special SCAN tool 
to access the working parameters from the 
PCM. 


Adjustment 
51 То adjust the range sensor or to replace 
the sensor, refer to Chapter 7. 


Air conditioning control 


Air conditioning clutch control 

Note: Refer to Chapters 4 and 12 for addi- 
tional information on the location of the 
relays. 

52 During air conditioning operation, the 
PCM controls the application of the air con- 
ditioning compressor clutch. The PCM con- 
trols the air conditioning clutch contro! relay 
to delay clutch engagement after the air 
conditioning is turned ON to allow the idle air 
control valve to adjust the idle speed of the 
engine to compensate for the additional load. 
53 The PCM also controls the relay to dis- 
engage the clutch in the event of an exces- 
sively high or low pressure within the system 
or an overheating problem. 

54 Іп most cases, if the air conditioning 
does not function, the problem is probably 
related to the air conditioning system relays 
and switches and not the PCM. 

55 Ifthe air conditioning is operating prop- 
erly and idle is too low when the air condition- 
ing compressor turns on or is too high when 
the air conditioning compressor turns off, 
check for an open circuit between the air con- 
ditioning control relay and the PCM. 


Vehicle Speed Sensor (VSS) 


General description 

56 The Vehicle Speed Sensor (VSS) is 
located at the top of the rear differential. This 
sensor is a magnetic variable-reluctance sen- 
sor that produces a pulsing voltage whenever 
vehicle speed is over 3 mph. These pulses 
are translated by the PCM and provided for 


4.57 Disconnect the VSS harness 
connector and check for voltage 
at the connector 
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other systems for fuel and transmission shift 
control. The VSS is part of the Transmis- 
sion Converter Clutch (TCC) system. Any 
problems with the VSS will usually set a 
Code 452. 


Check 

Refer to illustrations 4.57 and 4.58 

Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

57 To check the vehicle speed sensor, 
remove the electrical connector in the wiring 
harness near the sensor. Using a voltmeter, 
check for voltage to the sensor with the igni- 
tion key on (engine not running) (see illustra- 
tion). The circuit should have 10 volts or more 
available. If there is no voltage available, 
have the PCM diagnosed by a dealer service 
department or other qualified repair shop. 

58 Place the VSS on a bench and check 
for a pulsing voltage signal. Observe that the 
voltage signal! pulses from 0 to 0.5 volts. Use 
the AC scale on the voltmeter (see illustra- 
tion). Replace the sensor if there are no volt- 
age pulses produced. 


Replacement 

59 То replace the VSS, disconnect the elec- 
trical connector from the VSS. Remove the 
retaining bolt and lift the VSS from the trans- 
mission. 

60 Installation is the reverse of removal. 


Intake Air Temperature (IAT) 


Sensor 
Note: 2001 and later models are not equipped 
with ап IAT sensor. 


General description 

61 The Intake Air Temperature (IAT) sen- 
sor is located inside the air intake duct. This 
sensor acts as a resistor which changes value 
according to the temperature of the air enter- 
ing the engine. Low temperatures produce a 


4.58 Remove the VSS and check for a 
pulsing AC voltage signal as the 
VSS gear is slowly turned 
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4.66 The power steering pressure switch 
(arrow) is located under the power 
steering pump 


high resistance value (for example on OBD-I 
models, at 68 degrees F the resistance 
is 27.3 K-ohms) while high temperatures pro- 
duce low resistance values (at 212-degrees 
F the resistance is 2.07 K-ohms. The PCM 
supplies approximately 5-volts (reference 
voltage) to the IAT sensor. The signal voltage 
back to the PCM will vary according to the 
temperature of the incoming air. The voltage 
will be high when the air temperature is cold 
and low when the air temperature is warm. 
Any problems with the IAT sensor will usually 
set a code 54 or 64 on the two digit code sys- 
tem or 112, 113 or 114 on the three digit code 
system. 


Check 

Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

62 То check the IAT sensor, disconnect the 
two-prong electrical connector and turn the 
ignition key ON but do not start the engine. 
63 Measure the voltage (reference voltage). 


V % A ы. 
4.75 Location of the crankshaft sensor 
(arrow) on the V6 engine 


The VOM should read approximately 5-volts. 
64 If the voltage signal is not correct, have 
the PCM diagnosed by a dealer service 
department or other repair shop. 

65 Measure the resistance across the sen- 
sor terminals. The resistance should be HIGH 
when the air temperature is LOW. Next, start 
the engine and let it idle (cold). Wait awhile 
and let the engine reach operating tempera- 
ture. Turn the ignition OFF, disconnect the IAT 
sensor and measure the resistance across 
the terminals. The resistance should be LOW 
when the air temperature is HIGH. If the sen- 
sor does not exhibit this change in resistance, 
replace it with a new part. 


Power steering pressure 


switch 

Refer to illustration 4.66 

66 Turning the steering wheel increases 
power steering fluid pressure and engine 
load. The pressure switch (see illustration) 
will close before the load can cause an idle 
problem. A problem in the power steering 
pressure switch circuit will set a code 519 
or 521 (three digit code system only). 

67 Аргевзиге switch that will not open or an 
open circuit from the PCM will cause timing to 
retard at idle and this will affect idle quality. 
68 Apressure switch that will not close or an 
open circuit may cause the engine to die when 
the power steering system is used heavily. 

69 Any problems with the power steering 
pressure switch or circuit should be repaired 
by a dealer service department or other quali- 
fied repair shop. 


Brake On/Off (BOO) switch 
General Information 


70 Тһе brake On/Off switch (BOO) tells the 
PCM when the brakes are being applied. The 
switch closes when brakes are applied and 
opens when the brakes are released. The 
BOO switch is located on the brake pedal 
assembly. 

71 The brake light circuit and bulbs are 


4.77 With the voltmeter set on the AC 

scale, check for a pulsing voltage signal 

between 0 and 0.05 volts as the 
engine is slowly rotated 


wired into the BOO circuit so it is important 
in diagnosing any driveability problems to 
make sure all the brake light bulbs are work- 
ing properly (not burned out) or the driver may 
experience poor idle quality. 


Check 

72 Disconnect the electrical connector from 
the BOO switch and using a 12 volt test light, 
check for battery voltage to the BOO switch. 
73 Also, check continuity from the BOO 
switch to the brake light bulbs. Change any 
burned out bulbs or damaged wire looms. 


Replacement 
74 Refer to Chapter 9 for the replacement 
procedure. 


Crankshaft position sensor 
(CKP) 


General information 

Refer to illustrations 4.75 

75 Later models are equipped with a 
crankshaft position sensor. The crankshaft 
position sensor (see illustration) is mounted 
adjacent to a pulse wheel located on the 
crankshaft. The crankshaft sensor monitors 
the pulse wheel as the teeth pass under the 
magnetic field created by the sensor. The 
pulse wheel has 35 teeth and a spot where 
one tooth is missing. By monitoring the lost 
tooth, the crankshaft sensor determines the 
piston travel, crankshaft position and speed 
information and sends the information to the 
PCM. Тһе OBD-II system can detect a vari- 
ety of different CKP sensor problems and set 
codes to indicate the specific trouble area. 
Trouble code 385 is a designated CKP circuit 
code. If an OBD-II SCAN tool or code reader 
is not available, have the codes extracted 
from the PCM by a dealer service depart- 
ment or other qualified automotive repair 
facility. Note: The crankshaft sensor is also 
used to detect misfire in any one of the 8 or 
10 cylinders. This special misfire detection 
system will record a trouble code to indicate 
which cylinder is misfiring. Trouble codes 301 
through 310 are all misfire detection trouble 
codes, 


Check 

Refer to illustration 4.77 

Note: This check procedure only covers 
1995 and earlier models. If you're working 
on а 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the informatio 
sensors and output actuators. : 
76 Disconnect the CKP sensor electri- 
cal connector and with the ignition key ON 
(engine not running), check for battery voltage 
to the CKP sensor. 

77 Connect a voltmeter to the crankshaft sen- 
sor and using the AC scale, check the voltage 
pulses as the gear is slowly rotated (see illus- 
tration). Use a large socket and breaker bar to 
rotate the crankshaft pulley. 

78 ІҒпо pulsing voltage signal is produced, 
replace the crankshaft sensor. 
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4.81 Location of the camshaft position 
sensor on the 4.2L engine 


Replacement 

79 Remove the electrical connector and the 
retaining bolt and lift the assembly from the 
engine block. Note: On 2001 through 2003 
4.6L, 5.4L and 6.8L engines, unbolt and set 
aside the AC compressor without disconnect- 
ing the refrigerant lines. On 2004 and later 
models, it is only necessary to remove the 
drivebelt for access to the CKP. 

80 Installation is the reverse of removal. 


Camshaft position sensor 


General information 

Refer to illustration 4.81 

81 OBD-II models are equipped with а cam- 
shaft sensor as well as a crankshaft sensor. 
The camshaft sensor signals the PCM to begin 
sequential pulsation of the fuel injectors. This 
camshaft sensor on 4.2L V6 models is a Hall 
Effect switching device activated by a single 
vane. This camshaft sensor is mounted on the 
top of the engine in the normal location of the 
distributor (see illustration). The camshaft sen- 
sor in the 4.6L, 5.4L and 6.8L models is a vari- 
able reluctance device which is triggered by the 
high point mark on the camshaft. The sensor is 
mounted on the front of the cylinder head near 
the camshaft sprocket. Note: On 1992 through 
1996 models, the camshaft position sensor, also 
called the PIP sensor, is located in the distribu- 
tor. It consists of the distributor hall-effect switch 
and a rotary-vane cup. The passing of the open 
and closed portion of the vane past the hall 
switch results in a high/low voltage change that 
is seen by the PCM. The PCM then determines 
when to trigger the ignition module. Have the 
vehicle diagnosed by a dealer service depart- 
ment or other qualified auto repair facility. 


Check 


V6 models 

Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
ОВР-!! and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

82 With the ignition key ON (engine not run- 
ning), check the signal voltage. Backprobe the 


4.85 Location of the camshaft position 
sensor on a 4.61. engine 


signal wire (*) (dark green) from the computer 
and the ground wire (-) (black/white) and while 
slowly rotating the engine, observe that the 
voltage pulses from 0 to 5.0 volts. Note: Do 
not crank the engine over using the starter but 
instead install a breaker bar and socket onto 
the front crankshaft pulley bolt and rotate the 
engine slowly by hand. 

83 If there is no pulsing signal voltage but 
instead a steady 5.0 volt signal, then most 
likely the camshaft sensor is defective. If there 
is no voltage available, then the PCM is not 
supplying voltage to the camshaft sensor. In 
the former case, replace the camshaft sensor. 
In the latter case, have the PCM checked by 
a dealer service department or other qualified 
automotive repair facility. 


V8 models 

Refer to illustrations 4.85 and 4.86 

84 Check for battery voltage to the cam- 
shaft position sensor with the ignition key ON 
(engine not running). 

85 Remove the camshaft sensor from the 
engine and place it on a clean workbench 
(see illustration). 

86 Check the AC voltage output. Connect 
the probes of a voltmeter set on the AC scale 
onto the camshaft sensor and observe that it 
produces a voltage pulse as a metal object is 
passed over the tip of the sensor (see illus- 
tration). 

87 |f no pulsing voltage signal is produced, 
replace the camshaft sensor. 


Replacement 


V6 models 

Refer to illustrations 4.94 and 4.98 

Note: The camshaft position sensor on 4.2L 
models so equipped is mounted on a synchro- 
nizer assembly, which is essentially a drive 
unit for the sensor. If you are simply replacing 


the cam position sensor, it is not necessary.to l 


remove the synchronizer assembly from the 
engine - just remove the screws from the sen- 
sor, detach it from the synchronizer and install 
the new sensor. However, many engine repair 
procedures require removal of the synchro- 
nizer assembly, in which case it will be neces- 
sary to perform the following procedure to time 


Chapter 6 Emissions and engine control systems 


4.86 Working on the bench, carefully 
pass a metal object close to the tip of the 
camshaft sensor and see if the AC voltage 
fluctuates - if the camshaft sensor does 
not exhibit any reaction as the 
magnetic field is broken, the 
sensor must be replaced 


the synchronizer. This procedure requires the 
use of a special tool to properly align the sen- 
sor; read through the entire procedure and 
obtain the necessary tool before beginning. 
88 Position the number 1 piston at TDC. 
Refer to Chapter 2B for the procedure. 

89 Disconnect the cable from the negative 
battery terminal. 

90 Mark the relative position of the cam- 
shaft position sensor electrical connector so 
the assembly can be oriented properly upon 
installation (this is only necessary if the syn- 
chronizer assembly will be removed). Discon- 
nect the electrical connector from the cam- 
shaft position sensor. Remove the screws 
and detach the sensor from the synchronizer 
assembly. 

91 Partially drain the cooling system (see 
Chapter 1). 

92 Remove the EGR valve and EGR tube 
(see Section 6). 

93 Disconnect the heater hose outlet line 
(see Chapter 3). 

94 Remove the sensor mounting screws 
(see illustration) and lift the sensor from the 
housing. 

95 |f you will be removing the synchronizer 
assembly, remove the bolt and withdraw the 
synchronizer from the engine. Note: Remove 
the oil pump intermediate shaft along with 
the camshaft position sensor synchronizer 
assembly. 

96 Place the special alignment tool onto the 
synchronizer assembly. Align the vane of the 
synchronizer with the radial slot in the special 
tool. 

97 Turn the tool on the synchronizer until 
the boss on the tool is engaged with the notch 
on the synchronizer. 

98 Transfer the oil pump intermediate shaft 
onto the synchronizer assembly. Lubricate the 
gear, thrust washer and lower bearing of the 
synchronizer assembly with clean engine oil. 
Insert the assembly into the engine, with the 
arrow on the tool pointing 54-degrees clock- 


Chapter 6 Emissions and engine control systems 


4.94 Exploded view of the camshaft 
position sensor and synchronizer 
assembly - 4.2L engine 


Synchro positioning tool 
Timing chain cover 

Clamp 

Ой pump intermediate shaft 
Synchronizer 

Camshaft Position sensor 
Bolt 


NO OA WD = 


fise from the engine's centerline (see illus- 
ration). 

9 Turn the tool clockwise a little so the syn- 
hronizer engages with the oil pump interme- 
iate shaft. Push down on the synchronizer, 
irning the tool gently until the gear on the 
ynchronizer engages with the gear on the 
amshaft. 

00 Install the hold-down bolt and tighten it 


the right side of the lower engine 
block on the 4.2L engine 
(1997 through 1999 models) 


| 
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4.98 With the cam synchronizer installed 
and fully seated in the timing cover, the 
arrow on the tool (B) should point 54 
degrees from the centerline of the 
engine (A) 


securely. Remove the positioning tool. 

101 Install the EGR assembly. 

102 Reconnect the heater hose outlet to the 
engine block. 

103 Install the camshaft position sensor and 
tighten the screws securely. Caution: Check 
the position of the electrical connector on 
the sensor to make sure it is aligned with the 
mark you made in Step 90. If it isn't oriented 
correctly, DO NOT rotate the synchronizer to 
reposition it - doing so will result in the fuel 
system being out of time with the engine, pos- 
sibly damaging the engine (and at the very 
least cause driveability problems). If the con- 
nector is not oriented properly, repeat the syn- 
chronizer installation procedure. 

104 Plug in the electrical connector to the 
sensor and reconnect the cable to the nega- 
tive terminal of the battery. 


"TIR 


4.108b Location of the knock sensor 
on the 4.6L engine 
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V8 models 

105 On models through 2000, remove the 
power steering fluid reservoir from the left cyl- 
inder head (see Chapter 10). 

106 Remove the retaining screw and sepa- 
rate the camshaft sensor from the cylinder 
head (see illustration 4.85). 

107 Installation is the reverse of removal. 


Knock sensor 


General description 

Refer to illustrations 4.108a and 4.108b 

108 The knock sensor detects abnormal 
vibration in the engine. The sensor produces 
an AC output voltage which increases with 
the severity of the knock. The signal is fed 
into the PCM and the timing is retarded up 
to 20 degrees to compensate for severe deto- 
nation. The knock sensor on the 4.9L engine 
is located on the lower section of the intake 
manifold. The knock sensor on 1997 through 
1999 4.2L models is located on the right side 
of the engine block under the exhaust mani- 
fold (see illustration) or on the back of the 
cylinder head on 2000 and later 4.2L models. 
The knock sensor is located in the lifter val- 
ley under the intake manifold on 4.6L, 5.4L 
and 6.8L models (see illustration). 


Check 


109 Problems with the knock sensor can be 
monitored using a scan tool, have a dealer 
service department check the system for cor- 
rect operation. 


Cylinder Head Temperature 
(CHT) sensor (4.6L, 5.4L and 
6.8L engines) 


General description 
Refer to illustration 4.110 


110 The cylinder head temperature sensor 
is a major component of the Fail Safe Cool- 
ing system. This sensor varies the value of its 
voltage output in accordance with tempera- 
ture changes (see illustration). The change 
in the resistance values will directly affect 
the voltage signal from the CHT sensor. As 


4.110 Location of the cylinder head 
temperature sensor on the 5.4L engine 
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4.116 The fuel tank pressure sensor is 
located on the top of the fuel tank 


the sensor temperature DECREASES, the 
resistance values will INCREASE (voltage 
increases). If the cylinder head temperature 
exceeds 265-degrees F, the PCM disables 
four (V8) or 5 (V10) fuel injectors at a time. 
The. cylinders that do not receive fuel act as 
cooling air pumps for the other cylinders. If 
the temperature exceeds 330-degrees F, the 
PCM disables all the fuel injectors. 


Check 

Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

111 Check the resistance value of the CHT 
sensor while it is completely cold (50 to 65-de- 
grees F = 37,000 to 59,000 ohms). Next, start 
the engine and warm it up until it reaches 
operating temperature. The resistance should 


be lower (185 to 195-degrees F = 2,750 to - 


3,200 ohms). Note: Access to the CHT sensor 
makes it difficult to position electrical probes on 
the terminals. If necessary, remove the sensor 
and perform the tests in a pan of heated water 
to simulate the conditions. 


4.127 Use a wrench or a deep socket to 
unscrew the EOT sensor from the oil pan 


4.120 Depress the release tabs (1) and 
pull off the connector, then remove the 
mounting fasteners (3) and bolts, and 
remove the APP sensor and accelerator 

pedal as a single assembly 


112 If the resistance values on the sensor 
are correct, check the reference voltage from 
the PCM to the sensor. The reference voltage 
should be approximately 5.0 volts. 


Replacement 

113 To remove the sensor, the alternator 
must be removed from the engine (see Chap- 
ter 5). Note: On 2001 and later 4.6L, 5.4L and 
6.8L engines, disconnect the intake manifold 
tuning valve connector. On 2004 and later 
models, the intake manifold must be removed 
to replace the CHT sensor. 

114 Unplug the electrical connector, then 
carefully unscrew the CHT sensor. Caution: 
Handle the CHT sensor with care. Damage 
to this sensor will affect the operation of the 
entire fuel injection system. Install the sensor 
and tighten it securely. 


Fuel Tank Pressure (FTP) 
sensor 


General information 

115 The fuel tank pressure (FTP) sensor is 
used to monitor the fuel tank pressure or vac- 
uum during the OBD-II test portion for emis- 
sions integrity. This test scans various sen- 
sors and output actuators to detect abnormal 
amounts of fuel vapors that may not be purg- 
ing into the canister and/or the intake system 
for recycling. The FTP sensor helps the PCM 


monitor this pressure differential (pressure vs. ` 


vacuum) inside the fuel tank. 

Check 

Refer to illustration 4.116 

Note: This check procedure only covers 


1995 and earlier models. If you're working _ 


on а 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

116 With the ignition key ON (engine not 
running), check for REF voltage to the fuel 
tank pressure sensor (see illustration). Volt- 
age should be available. It may be difficult to 
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4.126 The EOT sensor is located on the 
side of the oil pan. To disconnect the 
electrical connector, depress this release 

tab and pull it off 


access the harness with the fuel tank in place. 
Find a location in the harness near the tank to 
check for voltage without removing the FTP 
sensor and fuel tank from the vehicle. 

117 If voltage is available, the remaining 
checks must be performed with a specialized 
scan tool. Have the FTP sensor and EVAP 
system checked by a dealer service depart- 
ment or other qualified repair facility. 


Accelerator Pedal Position 


(APP) sensor 

Refer to illustration 4.120 

Note: The APP sensor is an integral compo- 
nent of the accelerator pedal. If the APP sen- 
sor must be replaced, you must replace the 
accelerator pedal and sensor assembly (the 
manufacturer's term for this assembly). 

118 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

119 Remove the knee bolster (see Chap- 
ter 11). 

120 Disconnect the electrical connector from 
the sensor (see illustration). 

121 Remove the mounting nuts and bolts, 
then remove the sensor and accelerator pedal 
assembly. 

122 Installation is the reverse of removal. 


Engine Oil Temperature (EOT) 
sensor r 
Refer to illustration 4.126 and 4.127 
Note: The EOT sensor is located on the right 
side of the engine oil pan. 
123 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

„124 Raise the front of the vehicle and place it 
securely on jackstands. 
125 Drain the engine oil (see Chapter 1). 
126 Disconnect the electrical connector from 
the EOT sensor (see illustration). 
127 Unscrew the EOT sensor (see illustra- 
tion). l 
128 installation is the reverse of removal. Be 
sure to tighten the EOT sensor securely. 
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Fuel Rail Pressure (FRP)/Fuel 
Rail Pressure Temperature 


(FRPT) sensor 

Refer to illustrations 4.131 and 4.134 

129 Relieve the fuel pressure in the fuel sys- 
tem (see Chapter 4). 

130 Disconnect the cable from the negative 
battery terminal (see Chapter 5). 

131 Disconnect the electrical connector from 
the FRP/FRPT sensor (see illustration). 

132 Disconnect the vacuum hose from the 
FRP/FRPT sensor. 

133 Remove the FRP/FRPT sensor mount- 
ing bolts and remove the sensor from the fuel 
rail. 

134 Remove the old O-ring from the FRP/ 
FRPT sensor (see illustration). 

135 Carefully clean off the mating surfaces of 
the FRP/FRPT sensor and the fuel rail. 

136 Install a new O-ring on the FRP/FRPT 
sensor. 

137 Installation is the reverse of removal. 
138 Start the engine and check for fuel leaks 
in the vicinity of the FRP/FRPT sensor. 


Fuel Pump Driver Module 


(FPDM) 

Refer to illustration 4.141 

Note: The FPDM is located underneath the 
vehicle, on the left inside frame rail. 

139 Raise the rear of the vehicle and place it 
securely on jackstands. 

140 Disconnect the electrical connector from 
the FPDM. 

141 Remove the FPDM mounting bolts and 
remove the FPDM (see illustration). 

142 Installation is the reverse of removal. 


5 Іше Air Control (IAC) valve - 
check, removal and adjustment 


Caution: The throttle body on these mod- 
els is coated with a sludge resistant material 
designed to protect the bore and throttle plate. 
Do not attempt to clean the interior of the 
throttle body. The throttle body is designed to 
resist sludge accumulation and cleaning may 
impair the performance of the engine. 


m =. M F \ toll 2. M 204 
4.131 To detach the FRP/FRPT sensor 
from the fuel rail, depress the release 

tab (1) and disconnect the electrical 
connector, then disconnect the vacuum 
hose (2) and remove the mounting bolts 
(3) - 4.6L engine shown 


Note: The minimum idle speed is pre-set at 
the factory and is not adjustable under normal 
circumstances. If the idle fluctuates, stalls, 
idles high or speeds out of control, follow 
these quick checks to determine if the IAC 
valve is damaged. Because idle problems 
involve possible air leaks, fuel injector prob- 
lems, malfunctioning TPS, PCM problems, 
etc. have the IAC valve and system diagnosed 
by a dealer service department or other quali- 
fied repair facility. 

Note: 1992 through 1996 modeis are 
equipped with a Bypass Air-Idle Speed Con- 
trol (BPA-ISC) valve. This valve is designed 
differently than the later IAC valves but func- 
tions the same. Follow the procedure below to 
check the idle speed control system. 


Check 


Refer to illustration 5.2 

1 The Idle Air Control (IAC) valve controls 
the amount of air that bypasses the throttle 
valve, which controls the engine idle speed. 
This output actuator is mounted on the throttle 
body and is controlled by voltage pulses sent 
from the PCM (computer). The IAC valve 
within the body moves in or out, allowing more 
or less intake air into the system. To increase 


4.141 To remove the 
Fuel Pump Driver 
Module (FPDM), 
depress this release 


tab (1) and pull off the 
electrical connector, 
then remove the 
mounting bolts (2) 


4.134 Remove the old O-rings from the 
FRP/FRPT sensor and replace them with 
new ones 


idle speed, the PCM extends the IAC valve 
from the seat and allows more air to bypass 
the throttle bore. To decrease idle speed, the 
PCM retracts the IAC valve towards the seat, 
reducing the air flow. 

2 То check the system, first check for the 
voltage signal from the PCM. Turn the igni- 
tion key On (engine not running) and with a 
voltmeter, probe the wires of the IAC valve 
electrical connector (harness side). It should 
be approximately 10.5 to 12.5 volts (see illus- 
tration). This indicates that the IAC valve is 
receiving the proper signal from the PCM. 

3 Next, remove the valve (see Step 6) 
and check the pintle for excessive carbon 
deposits. If necessary, clean it with carburetor 
cleaner spray. Also, clean the valve housing 
to remove any deposits. 

4 Any further testing of the PCM must be 
performed by a dealer service department or 
other qualified auto repair facility. 


Adjustment 

5 The idle speed is not adjustable. This 
procedure requires a special scan tool to 
extract working parameters from the Elec- 
tronic Engine Control (EEC) system while it 
is running. Have the procedure performed by 
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5.2 Location of the {AC valve (arrow) 
on the 4.6L engine 
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а dealer service department or other qualified 
repair shop. 


Removal 

6  Unplug the electrical connector from the 
IAC valve. 

7 | Remove the two valve attaching screws 
and withdraw the valve assembly from the 
throttle body. 

8 Check the condition of the O-ring. If it's 
hardened or deteriorated, replace it. 

9 Clean the sealing surface and the bore 
of the throttle body assembly with a shop rag 
or soft cloth to ensure a good seal. Caution: 
The ІАС valve itself.is an electrical component 
and must not be soaked in any liquid cleaner, 
as damage may result. 


Installation 

10 Position the new O-ring on the IAC 
valve. Lubricate the O-ring with a light film of 
engine oil. Note: On BPA-ISC valves, replace 
the gasket. 

11 Install the IAC valve and tighten the 
screws securely. 

12 Plug in the electrical connector at the 
IAC valve assembly. 


6 Exhaust Gas Recirculation (EGR) 
system 


General description 

1 The EGR system is used to lower NOx 
(oxides of nitrogen) emission levels caused 
by high. combustion temperatures. The EGR 
recirculates a small amount of exhaust gases 
into the intake manifold. The additional mix- 
ture lowers the temperature of combustion 
thereby reducing the formation of NOx com- 
pounds. 

2 АІ! engines are equipped with the Elec- 
tronic Exhaust Gas Recirculation (EEGR) 
system. This system relies upon the PCM for 
EGR control. There are two different types of 
EGR systems on these models: 


a) On 1992 through 1996 models, the con- 
trol module (PCM) calculates the desired 
flow of exhaust gases into the combus- 
tion chamber and subsequently controls 
the EGR valve position with the EGR 
vacuum regulator. The EGR Valve Posi- 
tion (EVP) sensor detects the exact posi- 
tion of the EGR valve pintle and relays 
the information to the PCM. The PCM 
in turn, uses this information to regu- 
late the duty cycle (On/Off time) of the 
EGR vacuum regulator. A duty cycle of 
50-percent would hold the EGR valve 
half way open. The EEGR system uses 
"electronic" components to control the 
EGR valve. 

b) On 1997 and later models, the EGR flow 
rate is determined by monitoring the 
pressure across a fixed metering orifice 
as exhaust gasses pass through it. This 
system is called the Differential Pressure 
Feedback (DPFE) system. The pres- 


6.14 Working on the harness side of the 
Electronic Vacuum Regulator (arrow) 
electrical connector, check for 
battery voltage (4.6L engine) 


sure sensor monitors upstream (before) 
and downstream (after) exhaust back- 
pressure. This backpressure coefficient 
is relayed to the PCM and the correct 
amount of EGR (duty cycle) is applied 
to the EGR vacuum regulator control 
(EVR). By calculating the difference 
between the two pressures, the PCM 
determines exactly the EGR flow rate at 
all driving conditions. The DPFE is more 
accurate than early systems in that the 
computer does not have to guess at the 
upstream pressure coefficient to deter- 
mine EGR flow rate as the engine drives 
through various road conditions such as 
hard acceleration, downshifting, engine 
misfire, poor fuel combustion, etc. All 
these conditions will cause the exhaust 
backpressure to vary and requires more 
strict and responsive EGR control to limit 
NOx emission levels. 


Check 


Note: This check procedure only covers 
1995 and earlier models. If you're working 
on a 1996 or later model, refer to the Haynes 
OBD-II and Electronic Engine Management 
System manual for diagnosing the information 
sensors and output actuators. 

3 Too much EGR flow tends to weaken 
combustion, causing the engine to run rough 
or stop. When EGR flow is excessive, the 
engine can stop after a cold start or at idle 
after deceleration, the vehicle can surge at 
cruising speeds or the idle may be rough. If 
the EGR valve remains constantly open, the 
engine may not idle at all. 

4 Too little or no EGR flow allows combus- 
tion temperatures to get too high during accel- 
eration and load conditions. This can cause 
spark knock (detonation), engine overheating 
or emission test failure. 

5 The following checks will help you pin- 
point problems in the EGR system. Warn- 
ing: Where the procedure says to lift up on 
the EGR valve diaphragm, it's a good idea to 
wear a heat-resistant glove to prevent burns. 
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EGR valve 

6  TheEGR valve is controlled by a normal- 
ly-open EGR vacuum regulator (EVR), which 
allows vacuum to pass when energized. The 
PCM energizes the EVR to turn on the EGR. 
The PCM controls the EGR when three con- 
ditions are present: engine coolant is above 
113-degrees F, the TPS is at part throttle and 
the MAF sensor (if equipped) is in its mid- 
range. 

7 Make sure the vacuum hoses are in 
good condition and hooked up correctly. 

8 To perform a leakage test, attach a vac- 
uum pump to the EGR valve. Apply a vacuum 
of 5 to 6 in-Hg to the valve. The EGR valve 
should hold vacuum. 

9 Ifaccess is possible, position your finger 
tip under the vacuum diaphragm and apply 
vacuum to the EGR valve. You should feel 
movement of the EGR diaphragm. 

10 Remove the EGR valve and clean the 
inlet and outlet ports with a wire brush or 
scraper. Do not sandblast the valve or clean 
it with gasoline or solvents. These liquids will 
destroy the EGR valve diaphragm. 

11 ІҒіһе specified conditions are not met, 
replace the EGR valve. 


EGR control system 

Refer to illustrations 6.14 and 6.15 

12 If a code is displayed there are several 
possibilities for EGR failure. Engine coolant 
temperature sensor, TPS, MAF sensor, TCC 
system and the engine rpm govern the param- 
eters the EGR system use for distinguishing 
the correct ON time. 

13 АІ systems use an Electronic Vacuum 
Regulator to control the amount of exhaust 
gas through the EGR valve. The valve is nor- 
mally open (engine at operating temperature) 
and the vacuum source is a ported signal. 
The PCM uses a controlled "pulse width" or 
electronic signal to turn the EGR ON and OFF 
(the "duty cycle"). The duty cycle should be 
zero percent (no EGR) when in Park or Neu- 
tral, when the TPS input is below the specified 
value or when Wide Open Throttle (WOT) is 
indicated. 

14 To check the EGR vacuum regulator, 
disconnect the electrical connector to the 
EGR vacuum regulator, turn the ignition key 
ON (engine not running) and check for volt- 
age to the solenoid (see illustration). Battery 
voltage should be present. 

15 Next, use an ohmmeter and check the 
resistance of the EGR vacuum regulator (see 
illustration). It should be between 30 and 70 
ohms. 


EGR valve position sensor (1992 
through 1996 models) 

Refer to illustrations 6.16 and 6.17 

16 Check the operation of the EGR valve 
position (EVP) sensor. This sensor is attached 
to the EGR valve to provide the PCM with the 
exact position of the EGR valve pintle. Dis- 
connect the EVP electrical connector and, 
working on the sensor side (see illustration), 
install the probes of an ohmmeter into EVP 


Chapter 6 Emissions and engine control systems 


i [we i Д58094-6-6:15 HAYNES 


6.15 Check the resistance of the EGR 
vacuum regulator. It should be 30 to 70 
ohms (4.6L engine) 


Vehicle Harness Connector 


6.16 Check the 
resistance across 
terminals EVP 
and VREF on the 


EVP signal BM 


SIG RTN 
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6.17 With the ignition key Оп (engine not running), probe 
terminals VREF and SIG-RTN with a voltmeter and check for 


sensor - without 
vacuum it should 
be about 5,500 
ohms and with 20 
in-Hg of vacuum 
about 100 ohms 
(watch for a 
smooth transition 
between the two 
resistance values 
as vacuum is 
applied) 


m H 


reference voltage from the PCM - it should be about 5.0 voits 


and VREF. Check the resistance of the sen- 
sor while applying vacuum to the EGR valve. 
it should fluctuate between 5,500 to 100 ohms 
as vacuum is slowly applied. 

17 Check for reference voltage to the sen- 
sor. With the ignition key on (engine not 
running), check for voltage on the harness 
side of the EVP electrical connector (see 
illustration) on terminal VREF. It should be 
between 4.0 and 6.0 volts. If the test results 
are incorrect, replace the EVP sensor. 


Differential Pressure Feedback 
(DPFE) sensor (1997 and later 


models) 

Refer to illustration 6.18 

18 Check for reference voltage to the DPFE 
sensor. With the ignition key on (engine 
not running), check for voltage on the harness 
side of the electrical connector (see illustra- 
tion) on terminal VREF. It should be between 
4.0 and 6.0 volts. If the test results are incor- 
rect, replace the DPFE sensor. 

19 Check the operation of the Differential 
Pressure Feedback (DPFE) sensor. Note: 
The DPFE sensor on the Differential Pressure 
Feedback EGR systems have two exhaust 
lines hooked into the EGR tube. Check for sig- 


nal voltage to the sensor. Backprobe the cor- 
rect terminals and check for a voltage signal 
while the engine is running first at cold tem- 
peratures and then at warm operating tem- 
peratures. With the engine cold there should 
be NO EGR therefore the voltage should 
be approximately 0.20 to 0.70 volts. As the 
engine starts to warm and EGR is signaled by 
the computer, voltage values should increase 
to approximately 4.0 to 6.0 volts. 


Component replacement 


EGR valve 

20 When buying a new EGR valve, make 
sure that you get the correct EGR valve. Use 
the stamped code located on the top of the 
EGR valve when purchasing an EGR valve. 
21 Detach the cable from the negative ter- 
minal of the battery. 

22 Remove the air cleaner housing assem- 
bly (see Chapter 4). 

23 Disconnect the EGR valve electrical con- 
nector and vacuum hose. 

24 Remove the EGR pipe from the exhaust 
manifold and the EGR valve. Note: On some 
models it may be necessary to remove the 
dipstick to gain access to the EGR pipe. 
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6.18 Check for the correct reference voltage to the DPFE sensor 
with the ignition key ON (engine not running) 


25 Remove the EGR valve retainer bolts 
and EGR valve from intake manifold. 

26 Remove the EGR gasket, clean the 
manifold of any remaining gasket material and 
clean the EGR valve gasket surface if valve is 
to be reused. On 2005 and later models, the 
EGR gasket has a raised ridge in the center. 
This ridge faces toward the engine during 
installation. 

27 Installation is the reverse of removal. 


EGR pipe 

28 Remove the EGR valve. 

29 Disconnect the EGR pipe at the exhaust 
manifold, on some models it is necessary to 
remove the EGR pipe to manifold connector. 
30 installation is the reverse of removal. 


EGR vacuum regulator 

31 Detach the cable from the negative ter- 
minal of the battery. 

32  Unplug the electrical connector from the 
solenoid. 

34 Clearly label and detach both vacuum 
hoses. 

35 Remove the solenoid mounting screw 
and remove the solenoid. 

36 Installation is the reverse of removal. 


6.40 Remove the DPFE sensor 
mounting nuts 


DPFE sensor 

Refer to illustration 6.40 

37 Detach the cable from the negative ter- 
minal of the battery. 

38 Unplug the electrical connector from the 
sensor. 

39 Clearly label and detach both vacuum 
hoses. 

40 Remove the sensor mounting nuts (see 
illustration) and remove the assembly. 

41 Installation is the reverse of removal. 


7  Evaporative Emissions Control 
System (EECS) 


General description 

1 This system is designed to trap and store 
fuel vapors that evaporate from the fuel tank, 
throttle body and intake manifold during non- 
operation or idling, store them in the charcoal 
canister and then route them into the com- 
bustion chamber to be burned during engine 
operation. 

2 Тһе Evaporative Emission Control Sys- 
tem (EECS) consists of a charcoal-filled can- 
ister and the lines connecting the canister to 
the fuel tank, ported vacuum and intake mani- 
fold vacuum. 1997 and later models are also 
equipped with a fuel vapor management valve 
(VMV), a fuel tank pressure sensor, fuel filler 
cap and fuel vapor valve. 


3 Fuel vapors are transferred from the 
fuel tank, throttle body and intake manifold 
to a canister where they are stored when the 
engine is not operating. When the engine is 
running, the fue! vapors are purged from the 
canister by a purge control solenoid, which is 
PCM controlled, and consumed in the normal 
combustion process. Note: On 1997 and later 
models, the fuel vapors are purged from the 
canister by a vapor management valve (VMV) 
which is PCM controlled, and consumed in 
the normal combustion process. The fuel tank 
pressure sensor relays the inside fuel tank 
pressure to the PCM which in turn regulates 
the EVAP system purge control system. 


Check 

4 Poor idle, stalling and poor driveability 
can be caused by an inoperative purge control 
solenoid (1992 through 1996 models), a vapor 
management valve (1997 and later models), a 
damaged canister, split or cracked hoses or 
hoses connected to the wrong tubes. 

5 Evidence of fuel loss or fuel odor can be 
caused by fuel leaking from fuel lines or the 
throttle body, a cracked or damaged canister, 
an inoperative bowl vent valve, an inoperative 
purge valve or VMV, disconnected, misrouted, 
kinked, deteriorated or damaged vapor or con- 
trol hoses or an improperly seated air cleaner 
or air cleaner gasket. 

6 Inspect each hose attached to the canis- 
ter for kinks, leaks and breaks along its entire 
length. Repair or replace as necessary. 

7 Inspect the canister. If it is cracked or 
damaged, replace it. 

8 Look for fuel leaking from the bottom of 
the canister. If fuel is leaking, replace the can- 
ister and check the hoses and hose routing. 


Purge contro! valve (1992 through 
1996 models) 

9 Apply short length of hose to the lower 
tube of the purge valve assembly and attempt 
to blow through it. Little or no air should pass 
into the canister (a small amount of air will 
pass because the canister has a constant- 
purge hole). 

10 With a hand vacuum pump, apply vac- 
uum through the control vacuum signal tube 
near the throttle body to the purge control 
solenoid diaphragm. 

11 Ifthe purge control solenoid does not 


7.14 Check for 
battery voltage to the 
Vapor Management 


valve with the 
ignition key ON 
(engine not running) 
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hold vacuum for at least 20 seconds, the 
purge control solenoid is leaking and must be 
replaced. 

12 If the diaphragm holds vacuum, apply 
battery voltage to the purge control solenoid 
and observe that vacuum (vapors) are allowed 
to pass through to the intake system. 


Vapor management valve (VMV) 
(1997 and later) 

Refer to illustration 7.14 

13 Check the hoses around the VMV for 
damage or incorrectly routed lines. Correct if 
necessary. 

14 Check the VMV for battery voltage. With 
the ignition key ON (engine not running), 
check for battery voltage on the В+ VOLT ter- 
minal on the computer side of the VMV har- 
ness connector (see illustration). If there is 
no battery voltage available, have the PCM 
diagnosed by a dealer service department or 
other qualified automotive repair facility. If ref- 
erence voltage is available to the VMV, have 
the VMV checked using an OBD-II SCAN tool 
at a dealer service department or other quali- 
fied repair facility. 

15 Тһе easiest way to check for excess 
fuel vapor pressure in the fuel tank is simply 
remove the gas cap and listen for the sound of 
pressure release similar to a flat tire or air com- 
pressor discharge. If the weather is extremely 
hot, take into account for the extra pressure 
from the heated molecules. The most accu- 
rate test is using the OBD-II SCAN tool. This 
will run a series of checks using the fuel tank 
pressure sensor and other output actuators 
to detect excess pressure. Have the vehicle 
diagnosed by a dealer service department or 
other qualified automotive repair facility. 


Component replacement 

16 Clearly label, then detach, all vacuum 
lines from the canister. 

17 Loosen the canister mounting clamp bolt 
and pull the canister out. 

18 installation is the reverse of removal. 


8  Thermactor systems - operation 
and checks 


Refer to illustration 8.53 


General description 

1  Thermactor systems are employed to 
reduce carbon monoxide and hydrocarbon 
emissions, both a result of incomplete com- 
bustion. The thermactor air-injection Sys- 
tem functions by continuing combustion of 
unburned gasses after they leave the com- 
bustion chamber by injecting fresh air (from 
the engine-driven air pump) into the hot 
exhaust gases at some point after they exit 
the exhaust ports. 


Managed Thermactor Air (MTA) 
(EEC controlled) 


2 The control of the secondary air sup- 
ply system is totally electronic. After sensing 
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engine demand and operating conditions, the 
EEC Powertrain Control Module will determine 
the proper status (vacuum applied or not) for 
both air bypass and diverter valves and issue 
the appropriate commands. The integrity of 
the electrical portion of the control system is 
constantly monitored by the EEC self-check- 
ing system. 


Operation 

3 Under all conditions, manifold vacuum 
to the bypass and diverter valves is con- 
trolled by the EEC computer (PCM) through 
two normally-closed solenoid vacuum valves. 
The Thermactor Air Bypass (TAB) solenoid 
controls vacuum to the bypass valve and the 
Thermactor Air Diverter (TAD) solenoid con- 
trols vacuum to the diverter valve. The sole- 
noid vacuum switches are supplied continu- 
ous power through the EEC-IV power relay. 
When certain operating conditions are met, 
the PCM will exercise control over the normal- 
ly-closed vacuum switches by grounding the 
power return circuit of the solenoid internally 
within the PCM. When grounded, the sole- 
noids open, allowing vacuum to be applied to 
the applicable air control valve. Later models 
renamed the solenoid vacuum switches as the 
AIR Diverter (AIRD) solenoid and AIR Bypass 
(AIRB) solenoid. Their function is identical. 


Troubleshooting options 

4 The proper operation of thermactor sys- 
tems can be difficult to judge since in some 
cases a failure can exist with no outward 
symptoms or signs. This is particularly true 
in the case of EEC-controlled systems where 
many functions occur in response to condi- 
tions impossible to duplicate during a test 
situation. For this reason, the EEC-IV sys- 
tem incorporates a self-check function that 
monitors the thermactor system during actual 
operating conditions. If a problem is noted, the 
EEC-IV will light up the dash mounted "check 
engine" or "service engine" indicator light and 
a specific trouble code (DTC) indicating the 
nature of the problem is generated and stored 
in the EEC memory. 

5 Ifa concern is raised or if vehicle fails 
state smog certification, early thermactor sys- 
tems must be diagnosed in the time-honored, 
step by step "process of elimination" fashion 
as outlined in this Section. With the EEC-IV 
system a second choice is available. The 
stored trouble codes can be retrieved to aid 
the technician in troubleshooting several ther- 
mactor problems and avoid wasted time spent 
checking good components and circuits. If 
you wish to use them, refer to Section 2 for 
procedures in obtaining and utilizing trouble 
codes. Otherwise, use operating symptoms to 
help guide you through the following step-by- 
step procedures. 


Pump and control valve 
checks 


Air supply pump check 
6 Check and adjust the drivebelt tension if 
necessary and applicable (see Chapter 1). 


7 Disconnect the air supply hose at the air 
bypass valve inlet or air pump outlet. 

8 The pump is operating satisfactorily if air- 
flow is felt at the pump outlet with the engine 
running at idle, increasing as the engine 
speed is increased. 

9 Ifthe air pump does not successfully 
pass the above tests, check the inlet filter or 
hose for an obstruction. If the inlet tract is free 
of restrictions, replace the pump with a new or 
rebuilt unit. 


Air bypass valve check 
(normally-closed) 

Caution: The majority of bypass valves will 
be normally-closed types recognizable by 
the top-mounted vacuum port. If you have an 
early normally-open valve (vacuum port on 
side), simply reverse the expected value. 

10 Remove the vacuum line from the bypass 
valve. 

11 Disconnect the diverter valve. 

12 Start the engine and check for airflow at 
the bypass valve dump outlet (or ports) while 
in default state. If no flow is indicated, replace 
the valve. 

13 Using a hand-held vacuum pump (or 
convenient source of manifold vacuum), apply 
vacuum to the valve and check the bypass 
valve at the outlet for airflow. If no flow is 
indicated or the valve will not hold vacuum, 
replace the valve. 

14 If operating properly, reconnect the 
hoses and continue to the diverter valve test. 


Air diverter valve check 
(normally-closed) 

15 Remove the vacuum hose from the 
diverter valve and disconnect the upstream 
(exhaust manifold) and downstream (con- 
verter) outlet hoses. 

16 Start the engine and check for airflow at 
the downstream (converter) outlet. If no flow is 
indicated, verify that input air from the bypass 
valve is available. If not, proceed to bypass- 
valve check or vacuum-control check. If input 
air is available, replace the diverter valve. 

17 Using a hand-held vacuum pump (or 
convenient source of manifold vacuum), apply 
vacuum to the valve and check the valve 
upstream (exhaust manifold) outlet for airflow. 
If no flow is indicated or the valve will not hold 
vacuum, replace the valve. 

18 ШПорегайпа properly, reconnect the hoses 
and continue to vacuum-control checks. 


Combined air bypass and 

diverter valve 

19 Mark and remove both vacuum hoses 
from the valve and disconnect the upstream 
(exhaust manifold) and downstream (con- 
verter) outlet hoses. Verify that the proper 
vacuum port is being used for each test. 

20 Start the engine and check for airflow at 
the dump outlet (or ports). If no flow is indi- 
cated, replace the valve. Note: Airflow should 
be restricted from both upstream and down- 
stream outlets during this test. If flow is indi- 
cated, replace the valve. 

21 Using a hand-held vacuum pump (or 


convenient source of manifold vacuum), apply 
vacuum to the bypass vacuum port and check 
the valve at the downstream (converter) outlet 
for airflow. If no flow is indicated or the valve 
will not hold vacuum, replace the valve. 

22 Тее a vacuum line from the hand pump 
(or manifold vacuum line) and simultaneously 
apply vacuum to both vacuum ports on the 
valve. 

23 Check for airflow at upstream (exhaust 
manifold) outlet. If no flow is indicated, replace 
the valve. Note: Airflow should be restricted 
from the downstream outlet during this test. If 
flow is indicated, replace the valve. 

24 |foperating properly, reconnect the hoses 
and continue to Vacuum control checks. 


Vacuum control checks 

Caution: The following checks assume that 
the bypass and diverter valve are themselves 
functional. If in doubt, perform valve checks 
before proceeding. 


Bypass valve vacuum check 

25 Warm the engine to operating tempera- 
ture. 

26 With the engine running, remove and 
check for vacuum at the bypass valve vac- 
uum hose (on combination valves, remove 
the hose at bypass port). Vacuum should be 
indicated at the hose. 

27 |f no vacuum is indicted, check all vac- 
uum hoses for leaks or obstructions, then 
check for vacuum with the engine running 
at the manifold side of the solenoid valve. 
Repair any vacuum supply problems, if found. 
If hoses are okay and vacuum is present, the 
problem could be a vacuum solenoid switch 
or the electrical circuits. Proceed to the sole- 
noid checks to isolate. 


Diverter valve vacuum check 
(all models) 


28 Warm the engine to operating tempera- 
ture. Turn the engine off and prepare to check 


. vacuum at the diverter valve vacuum hose (оп 


combination valves, at diverter port vacuum 
hose). 

29 Start the engine and begin timing as 
soon as the engine starts. Observe the vac- 
uum gauge. 

30 |f the gauge indicates vacuum upon ini- 
tial start, then sometime after 100 seconds 
and before approximately 180 seconds vac- 
uum drops to zero, the system is operating 
properly. 

31 If no vacuum is indicated, check all 
vacuum hoses for leaks or obstructions, then 
check for vacuum with the engine running at 
the manifold side of the solenoid valve. Vac- 
uum should be indicated. 

32 If no manifold vacuum is indicated, trace 
the hose to the manifold source and eliminate 
any blockage. 

33 Repair any vacuum-supply problems if 
found. If the hoses are okay, manifold vacuum 
is present, or if bypass vacuum stays high, the 
problem could be the vacuum solenoid switch 
or electrical circuits. Proceed to the solenoid 
checks to isolate. 


8.53 Typical location of thermactor 
system air pump 


Solenoid valve checks (TAD/ 
TAB, AIRD/AIRB) 


34 Solenoid vacuum valve problems can 
be physical (blocked, stuck, leaking to atmo- 
sphere or internally) or electrical (open/shorted 
windings). Solenoid valves used in this appli- 
cation are normally closed with a vented out- 
let (vacuum bleeds from the air control valve 
when the solenoid is closed), The quickest 
way to check the solenoid valve is to perform 
a combination test to each solenoid valve as 
in the following steps. 

35 Disconnect the electrical connector(s) 
from the solenoid valve(s). 

36 Connect a vacuum source on one port 
and a vacuum gauge on the other. 

37 Jumper one solenoid electrical terminal 
to ground and the other to a known 12-volt 
source. Caution: Do not leave the hot (bat- 
tery) jumper on any longer than necessary. 

38 Apply vacuum and observe the gauge. 
Release the vacuum, remove the power to 
the solenoid, and repeat the vacuum test - 
observe the gauge. 

39 The gauge should indicate and hold vac- 
uum in one test but not the other if the valve is 
operating properly. Replace the solenoid vac- 
uum valve if a failed condition is found. Note: 
A very small leakage rate is acceptable. 

40 Apply vacuum to the outlet port of the 
valve to check venting. Vacuum should bleed. 
If not, replace the valve. If each solenoid vaive 
passes, the problem must be in the control 
circuitry. 


Reverse flow check valve - 
check 


41 Disconnect the hoses from both ends of 
the check valve. 

42 Blow through both ends of the check 
valve, verifying that air flows in one direction 
only. 

43 If air flows in both directions or not at all, 
replace the check valve with a new one. 

44 When reconnecting the valve, make sure 
it is installed in the proper direction. 


CRANKCASE 
AIR INTAKE 


9.1 Gas flow in a typical 
PCV system 
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Thermactor system noise test 
45 The thermactor system is not completely 
noiseless. Under normal conditions, noise rises 
in pitch as the engine speed increases. To 
determine if noise is the fault of the air-injection 
system, detach the drivebelt (after verifying 
that the belt tension was correct) and run the 
engine. If the noise disappears, proceed with 
the following checks. Caution: The pump must 
accumulate 500 miles (vehicle miles) before 
the following checks are valid: 


a) Check for seized pump and replace if 
required. 

b) Check for loose or broken mounting 
brackets or bolts, replace and/or tighten 
securely if required. 

c) Check for overtightened mounting bolts 
(may warp or bind pump). 

d) Check for leaky, pinched, kinked, or 
damaged hoses and rework or replace 

.as required. 

e) Check that the bypass and diverter 
valves are operating correctly, repair as 
required. 


Component replacement 


Thermactor Air By-Pass (TAB/AIRB) 
or Thermactor Air Diverter (TAD/ 
AIRD) solenoid 

46 Detach the cable from the negative ter- 
minal of the battery. 

47 Locate the vacuum control solenoid(s) 
on the engine mounted solenoid bracket 
assembly. 

48 Unplug the electrical connector from the 
solenoid(s). 

49 Label the vacuum hoses and ports, then 
detach the hoses. 


50 Remove the solenoid/bracket screws | 


and detach the solenoid(s). 
51 Installation is the reverse of removal. 


Air pump and control valves 

52 То replace the air-bypass valve, air-sup- 
ply control valve, check valve, combination 
air-bypass/air-control valve or the silencer, 


label and disconnect the hoses leading to 
them, replace the faulty component and reat- 
tach the hoses to the proper ports. Make sure 
the hoses are in good condition. If not, replace 
them with new ones. 

53 То replace the МТА air supply pump, 
first loosen the appropriate engine drivebelts 
(refer to Chapter 1), then remove the faulty 
pump from the mounting bracket (see illus- 
tration). Label all hoses as they're removed 
to facilitate installation of the new unit. 

54 After the new pump is installed, adjust 
the drivebelts to the specified tension (refer to 
Chapter 1). 

55 |f you're replacing either of the check 
valves, be sure to use a back-up wrench if 
connected to a steel air tube. 


9 Positive Crankcase Ventilation 
(PCV) system 


Refer to illustrations 9.1 and 9.6 

1 The Positive Crankcase Ventilation 
(PCV) system reduces hydrocarbon emis- 
sions by scavenging crankcase vapors. It 
does this by circulating fresh air from the air 
cleaner through the crankcase, where it mixes 
with blow-by gases and is then rerouted 
through a РСУ valve to the intake manifold 
(see illustration). 

2 The main components of the PCV sys- 
tem are the PCV valve, a fresh-air filtered inlet 
and the vacuum hoses connecting these two 
components with the engine and the EECS 
System. 

3 To maintain idle quality, the PCV valve 
restricts the flow when the intake manifold 
vacuum is high. If abnormal operating condi- 
tions arise, the system is designed to allow 
excessive amounts of blow-by gases to flow 
back through the crankcase vent tube into the 
air cleaner to be consumed by normal com- 
bustion. 

4 Checking and replacement of the non- 
heated PCV valve and filter is covered in 
Chapter 1. 
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Heated PCV valve replacement 
5 Remove the engine cover. 

6 Disconnect the electrical connector from 
the PCV valve (see illustration). 

7 Detach the PCV hose quick-connect fit- 
ting from the valve. 

8 Twist the PCV valve counterclockwise 
and remove it from the valve cover. 

9 Installation is the reverse of removal. 


10 Catalytic converter 


General description 

1 The catalytic converter is an emission- 
control device added to the exhaust system 
to reduce pollutants from the exhaust gas 
stream. A single-bed converter design is used 
in combination with a three-way (reduction) 
catalyst. The catalytic coating on the three- 
way catalyst contains platinum and rhodium, 
which lowers the levels of oxides of nitrogen 
(NOx) as well as hydrocarbons (HC) and car- 
bon monoxide (CO). 

2  On2001 and later 4.2L and 4.6L engines, 
there are two 3-way converters, one in each 
pipe from the exhaust manifolds. On 5.4L and 
6.8L engines, there are three converters, one 
on each exhaust pipe and one further down 
after the exhaust pipes merge. 


Physical checks 

3 The catalytic converter requires little 
if any maintenance or servicing at regular 
intervals. However, the system should be 
inspected whenever the vehicle is raised on 
a lift or if the exhaust system is checked or 
serviced. 

4 Check all connections in the exhaust 
pipe assembly for looseness or damage. Also 
check all the clamps for damage, cracks, or 
missing fasteners. Check the rubber hangers 
for cracks. 

5 The converter itself should be checked 
for damage or dents which could affect its per- 
formance and/or be hazardous to your health. 
At the same time the converter is inspected, 
check the metal protector plate under it and 
the heat insulator above it for damage or 
loose fasteners. 


Functional checks 

Note: On California models and all 2003 and 
later models, an extra oxygen sensor, called 
a monitor sensor, is mounted after the cata- 
lytic converter. By comparing the input from 
the sensors before and after the catalytic 


converter, the PCM can determine the con- 
verter's operating efficiency. If the efficiency 
is below standards, the PCM will set a diag- 
nostic trouble code and illuminate the CHECK 
ENGINE light to alert the driver. On these 
models, a scan tool can quickly determine if 
the converter needs to be replaced. 

6 Potential converter problems can be 
associated with two situations, vehicle fails 
state smog certification check or exhibits low 
power. Both situations can be caused by a 
converter that has been overheated and is 
either non-functional or restrictive. 

7  Anon-functional converter is difficult to 
diagnose. If all other engine systems are oper- 
ating properly, and the converter is relatively 
cold (this is a judgment call, no specifications 
exist, do not check by feeling converter) the 
converter is probably bad. 

8  Arestricted converter can be checked. If 
a performance issue is in question, proceed 
to backpressure check. 


Backpressure check 

9 Attach a vacuum gauge to a source of 
manifold vacuum and attach a tachometer to 
the engine. 

10 Set the parking brake and put the trans- 
mission in Park. 

11 Start the engine and warm it to operat- 
ing temperature. Turn the engine off and wait 
for a few minutes (this allows any backpres- 
sure to escape). 

12 Start the engine and observe the vacuum 
gauge. Vacuum should be 16 in-Hg or greater 
on an engine in a good state of tune. 

13 Let the engine idle for a few minutes 
while watching the gauge. Vacuum should 


9.6 PCV heater 


electrical connector 


hold fairly steady. 

14 increase the engine speed and hold it for 
one minute at 2000 rpm while observing the 
vacuum gauge. The vacuum gauge should 
read continuously high vacuum at the end of 
one minute with no additional throttle required 
to maintain rpm. If the vacuum gauge dropped 
significantly or if more throttle was required 
to maintain rpm, converter restriction can be 
suspected. Turn the engine off and proceed to 
the next operation to isolate the problem fur- 
ther. 

15 Letthe exhaust system cool, then remove 
the exhaust pipe at the exhaust manifold(s). 
16 Repeat the test. If vacuum is now steady 
and high in the engine-running test, the con- 
verter is restricted. Replace the converter. 
Caution: Although rare, if a restricted muffler 
is suspected, reconnect the converter, discon- 
nect the muffler and repeat the test to deter- 
mine if the muffler is the cause. 


Replacement 

17 Do not attempt to remove the catalytic 
converter until the complete exhaust system is 
cool. Raise the vehicle and support it securely 
on jackstands. Apply some penetrating oil to 
the clamp bolts and allow it to soak in. 

18 Remove the bolts and the rubber hang- 
ers, then separate the converter from the 
exhaust pipes. Remove the old gaskets if they 
are stuck to the pipes. 

19 Installation of the converter is the reverse 
of removal. Use new exhaust pipe gaskets 
and tighten the clamp bolts securely. Replace 
the rubber hangers with new ones if the origi- 
nals are deteriorated. Start the engine and 
check carefully for exhaust leaks. 
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Specifications 


Torque specifications 


Ft-Ibs (unless otherwise indicated) 


Note: One foot-pound (ft-Ib) of torque is equivalent to 12 inch-pounds (in-Ibs) of torque. Torque values below approximately 15 foot-pounds are 
expressed in inch-pounds, because most foot-pound torque wrenches are not accurate at these smaller values. 


Torque converter-to-driveplate пи.................ш 27 to 35 
Inest ОКЕ рыена нынын... amores ean See Chapter 1 
Torque converter housing-to-transmission саѕе...................................... 28 to 40 
Tinemiemissien-tosengine DONS asss: :oesessevseseevevasecessseeresecereens: coss 44 
Transmission mounting 
Mount-to-transmission 
TESI ЕБИНЕ 5) Л) CALC Ene mates 45 to 60 
IO NOTIONE ees 2.2222... жир. оинаи: аза. same sem 72 
MOUM LO CrOSSMEMDE Г ж. анне: . „ө... cett corem mese anaa 60 to 80 
Crossmember and gussets to frame ...................... eee 45 to 55 
Transmission range sensor retaining screws .......................................... 62 to 89 in-Ibs 
Output shaft yoke retaining nut (if едиірреа)........................................... 75 to 110 
E40D/Selenoldibodyifdstenmerse-...... 4... «cu. euo commettere 80 to 100 in-Ibs 


1 Automatic transmission - general 
information 


Caution: А// automatic transmissions supplied 
as original equipment on vehicles covered by 
this manual are equipped with high-tempera- 
ture resistant seals. This includes those seals 
used on the manual and kickdown levers, the 
O-rings and oil pan gasket. Under no circum- 
stances should older design seals be used on 
the transmission. 


Econoline vans covered in this manual 
use several different automatic transmissions. 
The transmission used depends on the spe- 
cific options such as engine size and gross 
vehicle weight. 

Other than the number of forward 
speeds, the main differences between the 
transmissions are in their maximum torque 
carrying capacity and their speed and load 
sensing mechanisms which determine shift 
points. The C6 and AOD automatic transmis- 
sions utilize a governor for speed sensing and 


a vacuum diaphragm throttle valve to sense 
engine load. A throttle kickdown rod is incor- 
porated for operator-forced downshifts upon 
application of wide open throttle. The E4OD, 
4R70W, 4R75W and 4R100 transmissions 
use various engine and drivetrain sensors 
and special programming within the electronic 
engine control (EEC) computer to calculate 
speed and load conditions, then commands 
actuators within the transmission to initiate a 
shift. 

The E4OD, 4R70W, 4R75W, TorqShift 
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апа 4R100 transmissions are equipped with а 
lock-up torque converter known as the torque 
converter clutch or TCC. The TCC provides a 
direct connection between the engine and the 
drive wheels for improved efficiency and fuel 
economy. These transmissions do not use a 
throttle valve (TV) system. Instead, the trans- 
mission kickdown function normally controlled 
by a TV cable is controlled electronically. The 
TorqShift six-speed transmission is a heavy- 
duty overdrive automatic used only on diesel 
and V10-equipped vans on 2004 and later 
models. 

Because of the complexity of the clutches 
and the electronic and hydraulic control sys- 
tems, and because of the special tools and 
expertise needed to overhaul an automatic 
transmission, diagnosis and repair of the 
transmission must be handled by a dealer ser- 
vice department or a transmission repair shop. 
The procedures in this Chapter are limited to 
general diagnosis, routine maintenance and 
adjustment: replacing the shift lever, replac- 
ing and adjusting the shift cable, and similar 
jobs. Serious repair work, however, must be 
done by a transmission specialist. But if the 
transmission must be rebuilt or replaced, you 
can save money by removing and installing it 
yourself, so instructions for that procedure are 
included as well. 


2 Diagnosis - general 


Note: Automatic transmission malfunctions 
may be caused by five general conditions: 
poor engine performance, improper adjust- 
ments, hydraulic malfunctions, mechanical 
malfunctions or malfunctions in the computer 
or its signal network. Diagnosis of these prob- 
lems should always begin with a check of the 
easily repaired items: fluid level and condition 
(see Chapter 1), shift linkage adjustment and 
throttle valve (TV) linkage adjustment. Next, 
perform a road test to determine if the prob- 
lem has been corrected or if more diagnosis 
is necessary. If the problem persists after the 
preliminary tests and corrections are com- 
pleted, additional diagnosis should be done 
by a dealer service department or transmis- 
sion repair shop. Refer to the Troubleshooting 
section at the front of this manual for informa- 
tion on symptoms of transmission problems. 


Preliminary checks 

1 Drive the vehicle to warm the transmis- 
sion to normal operating temperature. 

2 Check the fluid level as described in 
Chapter 1: 


a) If the fluid level is unusually low, add 
enough fluid to bring the level within 
the designated area of the dipstick (see 
Chapter 1), then check for external leaks 
(see below). 

b) If the fluid level is abnormally high, drain 
off the excess, then check the drained 
fluid for contamination by coolant. The 
presence of engine coolant in the auto- 
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matic transmission fluid indicates that a 
failure has occurred in the internal radia- 
tor walls that separate the coolant from 
the transmission fluid (see Chapter 3). 

c) If the fluid is foaming, drain it and refill 
the transmission (see Chapter 1), then 
check for coolant in the fluid or a high 
fluid level. 


3 Check the engine idle speed and general 
operating performance. Note: /f the engine is 
malfunctioning, do not proceed with the pre- 
liminary checks until it has been repaired and 
runs normally. 

4  Inspect the manual shift control linkage 
(see Section 3). Make sure that it's prop- 
erly adjusted and that the linkage operates 
smoothly. 


Fluid leak diagnosis 

5 Most fluid leaks are easy to locate visu- 
ally. Repair usually consists of replacing a 
seal or gasket. If a leak is difficult to find, the 
following procedure may help. 

6 Identify the fluid. Make sure it's trans- 
mission fluid and not engine oil or brake fluid 
(automatic transmission fluid is a deep red 
color). 

7 Try to pinpoint the source of the leak. 
Drive the vehicle several miles, then park it 
over a large sheet of cardboard. After a min- 
ute or two, you should be аһ to locate the 
leak by determining the source of the fluid 
dripping onto the cardboard. 

8 Make a careful visual inspection of the 
suspected component and the area immedi- 
ately around it. Pay particular attention to gas- 
ket mating surfaces. A mirror is often helpful 
for finding leaks in areas that are hard to see. 
9 Ifthe leak still cannot be found, clean the 
suspected area thoroughly with a degreaser 
or solvent, then dry it. 

10 Drive the vehicle for several miles at 
normal operating temperature and varying 
speeds. After driving the vehicle, visually 
inspect the suspected component again. 

11 Once the leak has been located, the 
cause must be determined before it can be 
properly repaired. If a gasket is replaced but 
the sealing flange is bent, the new gasket will 
not stop the leak. The bent flange must be 
straightened. 

12 Before attempting to repair a leak, check 
to make sure that the following conditions are 
corrected or they may cause another leak. 
Note: Some of the following conditions cannot 
be fixed without highly specialized tools and 
expertise. Such problems must be referred to 
a transmission repair shop or a dealer service 
department. 


Gasket leaks 


13 Check the pan periodically. Make sure 
the bolts are tight, no bolts are missing, the 
gasket is in good condition and the pan is flat 
(dents in the pan may indicate damage to the 
valve body inside). 

14 If the pan gasket is leaking, the fluid 
level or the fluid pressure may be too high, 


the vent may be plugged, the pan bolts may 
be too tight, the pan sealing flange may be 
warped, the sealing surface of the transmis- 
sion housing may be damaged, the gasket 
may be damaged or the transmission casting 
may be cracked or porous. If sealant instead 
of gasket material has been used to form a 
seal between the pan and the transmission 
housing, it may be the wrong sealant. 


Seal leaks 

15 If a transmission seal is leaking, the 
fluid level or pressure may be too high, the 
vent may be plugged, the seal bore may be 
damaged, the seal itself may be damaged or 
improperly installed, the surface of the shaft 
protruding through the seal may be damaged 
or a loose bearing may be causing excessive 
shaft movement. 

16 Make sure the dipstick tube seal is 
in good condition and the tube is properly 
seated. Periodically check the area around 
the speedometer gear or sensor for leakage. 
If transmission fluid is evident, check the O- 
ring for damage. 


Case leaks 

17 f the case itself appears to be leak- 
ing, the casting is porous and will have to be 
repaired or replaced. 

18 Make sure the oil cooler hose fittings are 
tight and in good condition. 


Fluid comes out vent pipe or fill 
tube 

19 If this condition occurs, the transmission 
is overfilled, there is coolant in the fluid, the 
case is porous, the dipstick is incorrect, the 
vent is plugged or the drain-back holes are 
plugged. 


3 Shift linkage and cable - 
inspection, removal, installation 
and adjustment 


Note: Removal of the shift linkage or cable is a 
prerequisite to removing the transmission from 
the vehicle. Although the shift linkage is part 
of a more complicated steering column shift 
mechanism, only the linkage removal steps 
necessary to allow transmission removal will 
be outlined in this section. In addition, adjust- 
ment procedures are provided for use after re- 
installation of linkage or for correction of pos- 
sible performance related problems. 


Inspection 

1 Raise vehicle and support it securely on 
jackstands. 

2  Inspectthe cable for kinks, dents, thermal 
damage or any other condition that may hinder 
smooth operation. Check for a loose transmis- 
sion cable bracket. Inspect the remaining cable 
inside the cab under the dash panel for similar 
problems. ! 

3 Correct any problems found prior to 
adjustment. 
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Removal 

4 Remove the shift cable end from the 
transmission lever ballstud. 

5 Remove the shift cable from the trans- 
mission bracket by releasing the cable body 
retaining tabs and pulling it out of the bracket. 
Secure the cable out of the way. 


Installation 

6 Installation is the reverse of removal, but 
don't install the shift cable to the transmission 
lever ball stud until adjustment has been com- 
pleted. 


Adjustment 

7 With the engine off and the parking brake 
applied, place the transmission selector lever 
at the steering column in the Drive (C-6) or 
Overdrive (AOD, E4OD, 4R100 and 4R70W) 
position. 

8 Have ап assistant hold the selector lever 
against the stop by applying a bit of down 
pressure on the lever. 

9 Raise the vehicle and support it securely 
on jackstands. 

10 |f not already done, remove the shift 
cable end from the transmission lever ballstud 
(cable). 

11 Оп AOD, E4OD, 4R100 and 4R70W 
transmissions, pull down the cable freeplay 
locking tab on the lower cable body end. 

12 Shift the manual lever at the transmis- 
sion into the Drive position (C6) or Overdrive 
position (AOD, E4OD, 4R100 and 4R70W) by 
moving the lever all the way to the First gear 
position (rear), then forward two (2) detents. 
Count the detents as the manual lever is 
rotated. 

13 Оп AOD, E40D, 4R100 and 4R70W 
transmissions, with the selector lever and 
transmission manual lever both in the Over- 
drive position, snap the shift cable onto the 
transmission lever ballstud and re-lock the 
cable freeplay locking tab by pushing the tab 
back into the cable body. Note: The shift cable 
locking mechanism on the C6 differs from the 
others. Instead of a tab, the C6 uses a rotat- 
ing ratchet type mechanism. 

14 Have your assistant remove pressure 
from the shift lever knob and check the opera- 
tion of the shift lever in all positions to make 
certain the manual lever at the transmission is 
in full detent in all gear ranges. Readjust the 
linkage as required. 


4 Throttle valve (TV) cable (AOD 
only) - removal, installation and 
adjustment 


Note: Removal of the throttle valve cable is 
a prerequisite to removing the transmission 
from the vehicle and only those cable removal 
steps necessary to allow transmission removal 
will be outlined in this section. In addition, 
adjustment procedures are provided for use 


after re-installation of linkage or for correction 
of possible performance related problems. 


Removal 

1 Disconnect the shift cable end from the 
transmission lever ballstud. 

2 Remove shift cable from transmission 
bracket by releasing the cable body retaining 
tabs and pulling it out of the bracket. Secure 
the cable out of the way. 


Installation 
3 Installation is the reverse of removal. 
Proceed to Step 4 and adjust the cable. 


Adjustment 

4 Verify that the cable routing is free of 
sharp bends and that the cable operates 
freely. 

5 Place the transmission іп М (neutral) and 
set the parking brake. 

6  Atthe throttle housing, unlock the TV 
control cable self-adjusting lock mechanism at 
the end of the cable housing body by releas- 
ing the clamp tabs in the housing window and 
prying the clamp out from the top with a small 
screwdriver. Verify that the cable housing can 
be pushed freely towards the cable bracket 
against the spring tension. 

7 From under the vehicle, have an assis- 
tant hold the transmission TV lever against 
it’s idle position stop (clockwise as far to the 
rear as possible) and hold. The cable slack 
take-up spring will then set the proper cable 
length automatically. An alternative method is 
to install a suitable spring (or springs) to hold 
the lever rearwards with about 10-pounds of 
force. 

8 While still holding the transmission lever 
against the idle stop, lock the upper cable 
clamp in place by pushing the clamp back 
into the cable body until it's flush. Note: Prior 
to re-locking the cable, verify that the throttle 
lever is resting on its normal idle stop. 

9 If used, remove the transmission lever 
retention springs. 


5 Transmission control switch 
(E40D, 4R100, 4R70W and 
4R75W) - description, check and 
component replacement 


Description 

1 Normally, the powertrain control mod- 
ule (PCM) allows automatic shifts from first 
through fourth gear. When the transmission 
control switch (TCS) is pressed, overdrive is 
overridden, and the PCM allows shifts from 
first through third only. (The PCM also turns 
on the transmission contro! indicator lamp 
(TCIL), an LED which indicates that “overdrive 
cancel mode” has been activated. If the TCIL 
flashes instead, there’s either a sensor failure 
or a short in the electronic pressure control cir- 


cuit (EPC); in either event, take the vehicle to 
a dealer to have the system serviced.) When 
the switch is pressed again, normal operation 
is resumed. 


Check 


2 Тһе TCS circuit can be fully tested only 
at the dealer. However, there are some simple 
tests you can do to determine whether the 
switch itself is bad: 


a) Check fuse 20 (see Chapter 12). Fuse 
20 is a 5A fuse. 

b) Remove the TCS (see below) and check 
the resistance of the switch. When the 
TCS button is pressed and held down 
(it’s а momentary-contact switch, so 
you have to hold it down to measure 
the resistance), the resistance should 
be less than 5 ohms; when the button 
is released, resistance should be more 
than 10 K-ohms. If the TCS doesn’t per- 
form as described, replace it. If the indi- 
cated resistance is within the specified 
range, go to the next test. 

с) Apply battery voltage to the TCS and 
verify that the TCIL comes on. If it 
doesn't, replace the TCS. If it does come 
on, the switch is okay. Take the vehicle 
to a dealer to have the remainder of the 
system checked out. 


Component replacement 

3 | Remove the TCS cover. 

4 Remove the TCS. 

5 Installation is the reverse of removal. 


6 Kickdown cable (C6 only) 
- removal, installation and 
adjustment 


Removal 

1 Remove the kickdown cable end from 
the transmission lever ballstud. 

2 Remove the kickdown cable from the 
transmission bracket by releasing the cable 
body retaining tabs and pulling it out of the 
bracket. Secure the cable out of the way. 


Installation 
3 Installation is the reverse of removal. 
Proceed to Step 4 and adjust the cable. 


Adjustment 

4 Ratchet the cable self-adjusting mecha- 
nism to obtain maximum outer conduit length. 
5 Insert a 0.060 feeler gauge between 
the upper cable conduit body and the cable 
bracket on the conduit side of the bracket. 

6 Set the cable length by opening the 
throttle to the wide open position. The self 
adjuster should ratchet as the cable outer 
conduit shortens in length. 

7 | Remove the feeler gauge to gain proper 
cable freeplay. 


7.2 То remove the vacuum modulator, 
detach the vacuum line (arrow) and 
remove the hold-down bolt (arrow) 


7 Vacuum modulator (C6 only) - 
check and replacement 


Refer to illustration 7.2 


Check 


1 Raise vehicle and support securely on 
jackstands. 

2 Locate the vacuum modulator on rear or 
side of transmission (see illustration). 

3 Detach the vacuum hose from the modu- 
lator. 

4 Connect a vacuum gauge to the vac- 
uum hose and start the engine. If the gauge 
does not indicate manifold vacuum, trace the 
vacuum hose back to the engine to locate the 
leak or restriction. Repair as required. 

5 Remove the bolt from the modulator 
bracket and remove the valve from the trans- 
mission. 

6 Using a magnet, remove the contro! rod 
from the bore in the transmission. 

7 Place the control rod into the modulator. 
8 Using a hand-held vacuum pump, apply 
vacuum to the modulator and observe the rod 
and the vacuum gauge. The modulator should 
hold a steady vacuum and the control rod 
should retract. As vacuum is released, the rod 
should extend back to its static position. If the 
modulator fails either check, replace it. 


Replacement 

9 Check the O-ring on the modulator. If it's 
cracked, hardened or shows any other signs 
of wear, replace it with a new one. Lubricate 
the O-ring with clean automatic transmission 
fluid before installation. 

10 Installation is the reverse of removal. 
Don't forget to install the control rod prior to 
modulator installation. Tighten the bracket 
bolt securely. 
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8.2 Adjusting the intermediate band 


8 Band adjustment (C6 only) 


Refer to illustration 8.2 

1  Theintermediate or front band is used to 
hold the sun gear stationary to produce Sec- 
ond gear. If it is not correctly adjusted, there 
will be noticeable slip during the First-to-Sec- 
ond gear shift or on the downshift from High 
to Second gear. The first symptoms of these 
problems will be very sluggish shifts. 

2 To adjust the intermediate band, loosen, 
remove and discard the locknut on the band 
adjustment screw (located on the left-hand 
side of the case). Tighten the adjusting screw 
to 120 inch-pounds, then loosen it exactly 1- 
1/2 turns. Install a new locknut and tighten it 
securely while holding the adjustment screw 
to keep it from turning (see illustration). 


9 Neutral start switch (C6 only) - 
adjustment 


Refer to illustration 9.1 

1 With the automatic transmission linkage 
properly adjusted (see Section 3), loosen the 
two Neutral start switch retaining bolts (see 
illustration). 

2 Place the transmission selector lever in 
Neutral. 

3 Rotate the switch and insert a No. 43 drill 
bit (shank end) into the gauge pin holes of the 
Switch. Note: The drill shank must be inserted 
a full 31/64 inch through all three holes of the 
switch. 

4  Tighten the switch retaining bolts 
securely, then remove the drill bit from the 
Switch. 

5 Check the operation of the switch. The 
back-up lights should come on only when the 
transmission is in Reverse and the engine 
should start only with the transmission lever in 
Park and Neutral. 
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9.1 Neutral start switch adjustment 
details (C6 models) 


10 Transmission range (TR) sensor 
(1996 and later) - description, 
adjustment and replacement 


Description 

1 The transmission range (TR) sensor, 
which is located at the manual lever on the 
transmission, is an information sensor for the 
powertrain control module (PCM). Among its 
functions are those normally handled by а 
conventional park/neutral start switch: it pre- 
vents the engine from starting in any gear 
other than Park or Neutral, and closes the 
circuit for the back-up lights when the shift 
lever is moved to Reverse. For information on 
the TR sensor's other functions, refer to 
Chapter 6. 


Adjustment 

Refer to illustration 10.4 

2 Ifthe engine starts in any position other 
than Park or Neutral, the TR sensor is either 
out of adjustment or defective. First, perform 
a quick functional check to verify that the sen- 
sor is operating properly. 

3 Каіѕе the vehicle and support it securely 
on jackstands. 

4 The factory recommends a special trans- 
mission range (TR) sensor alignment tool, 
but there's a quick and easy method to verify 
whether the sensor is adjusted, and to adjust 
it if it isn't: 

a) Turn the ignition switch to On, put the 
shift lever in Reverse and verify that the 
back-up lights come on. 

b) Ifthey do, but the engine can't be started 

` A in Park or Neutral, or it can be started in 
any gear other than Park or Neutral, then 
the sensor is probably defective. The 
complete sensor check procedure is in 
Chapter 6. 
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с) If they don't, detach the shift cable from 
the manual lever (see Section 6), loosen 
the sensor retaining bolts (see illustra- 
tion) and move the sensor slightly until 
the back-up lights come on. Tighten the 
sensor retaining bolts to the torque listed 
in this Chapter's Specifications and reat- 
tach the shift cable. 

d) If you can't get the back-up lights to 
come on by moving the sensor slightly, 
verify that the back-up lights and the 
back-up light circuit are okay (see Chap- 
ter 12 and the Wiring Diagrams at the 
end of Chapter 12). If the back-up lights 
and circuit are okay, the sensor is prob- 
ably bad. Refer to Chapter 6. 


5 Remove the jackstands and lower the 
vehicle. 


Replacement 

6 Raise the vehicle and place it securely 
on jackstands. 

7 Unplug the electrical connector from the 
TR sensor. 

8 Detach the shift cable from the manual 
lever (see Section 3). 

9 On vehicles equipped with a 4R70W 
or 4R75W transmission, remove the manual 
lever; on models with an Е400 ог 4R100, the 
manual lever is between the TR sensor and 
the transmission, so it doesn’t need to be 
removed.) 

10 Remove the TR sensor retaining bolts 
(see illustration 10.4). 

11 Remove the TR sensor. 

12 Installation is the reverse of removal. Ве 
sure to tighten the sensor retaining screws 
to the torque listed in this Chapter's Specifi- 
cations and adjust the sensor (see Step 5). 
Remove the jackstands and lower the vehi- 
cle. 


11 Shift interlock system (1996 and 
later) - description, check and 
actuator replacement 


Note: 1992 through 1995 models are 
equipped with a mechanical brake shift lock 
actuator installed into the steering column. 
Refer to a dealer service department for infor- 
mation. 


10.4 To adjust the 
transmission range sensor 
without the special tools: 
Place the shifter in reverse. 
Detach the shift cable, 
loosen the sensor retaining 
bolts, move the sensor 
slightly until the back-up 
lights come on, then tighten 
the sensor retaining bolts 
to the torque listed in this 
Chapter's Specifications 
and reattach the shift cable 


Description 

1 The shift interlock system prevents the 
shift lever from being moved out of the Park 
position unless the brake pedal is depressed. 
The system consists of a shift lock actua- 
tor mounted on the steering column. When 
the ignition key is turned to the Run position, 
the actuator is energized unless the brake 
pedal is depressed. If the shift lever cannot 
be moved out of the Park position when the 
brake pedal is applied, the following series of 
simple checks will help you quickly pinpoint 
the problem. 


Check 


2 Тһе shift lock actuator receives voltage 
when the ignition key is in the Run position. 
This circuit energizes the actuator and it pre- 
vents you from moving the shift lever out of 
the Park position. The actuator also receives 
voltage from another circuit, through the brake 
light switch, that is closed only when the brake 
pedal is depressed. It’s this second circuit that 
de-energizes the solid state actuator when 
the brake pedal is depressed. So first, try to 
verify that the actuator is working. 

3 Get inside the vehicle, close the doors 
and windows, start the engine, let it settle 
down to a fully warmed-up idle, put your head 
under the dash so that your ear is close to 
the actuator (it's mounted on the steering col- 
umn), then depress the brake pedal and listen 
carefully for the sound of the actuator click- 
ing. 

4 |f you don't hear the actuator click when 
you depress the brake pedal, check the 10A 
fuse for the actuator and the 15A fuse for the 
brake light switch (see Chapter 12). Replace 
either fuse if it's bad and recheck the actua- 
tor. 

5 Ifthe actuator and brake light switch 
fuses are good but the actuator still doesn't 
click when the brake pedal is depressed, ver- 
ify that the actuator is getting battery voltage 
through both circuits (one is hot in the Run 
position, one is hot only when the brake light 
switch is closed). 

6 If the actuator isn't getting voltage 
through the first "hot-in-Run-only" circuit, 
repair that circuit and retest. 

7 |f the actuator isn't getting voltage 
through the brake light switch circuit, apply 
the brake pedal and verify that the brake lights 
come on. 


a) If the brake lights don't come on, trou- 
bleshoot the brake light circuit and 
determine whether the circuit itself or 
the brake light switch is defective (see 
Chapter 9), make the necessary repairs 
or component replacement, then retest 
the actuator. 

b) If the brake lights come on, the brake 
light switch and circuit are okay. Repair 
the circuit between the brake light switch 
and the actuator and retest. 

с) If the actuator still doesn't work, replace 
it (see below). 


Actuator replacement 

8 Disconnect the cable from the negative 
terminal of the battery. Remove the left side 
under-dash panel and the knee bolster behind 
it. Detach the shift indicator cable and any 
electrical connectors that may interfere with 
the lowering of the steering column. Remove 
the four nuts and lower the column for access 
to the shift lock actuator. 

9 Remove the shift lock actuator bolts. 

10 Remove the insert plate and shift lock 
actuator. 

11 Remove and discard the shift lock 
actuator clip. (The shift lock actuator clip 
is an assembly aid and doesn't need to be 
replaced). Separate the insert plate from the 
shift lock actuator. 

12 installation is the reverse of removal. 
Tighten the steering column mounting bolts to 
156 in-Ibs. 


12 Transmission mounts - check 
and replacement 


Refer to illustration 12.2 


Check 


1 Raise the vehicle and support it securely 
on jackstands. 

2 Insert a large screwdriver or prybar into 
the space between the transmission exten- 
sion housing and the frame crossmember and 
pry up (see illustration). 

3  Thetransmission should not move signif- 
icantly away from the insulator. If it does, the 
mount should be replaced; proceed to Step 5. 
4 Ifthe mount is okay, remove the jack- 
stands and lower the vehicle. 


Replacement 

5 Remove the mount-to-crossmember nuts 
and the mount-to-transmission bolts. 

6 Place a jack under the transmission and 
raise it enough to allow removal of the mount. 
7 Install a new mount and lower the trans- 
mission enough to start all fasteners hand 
tight. 

8 Remove the jack and tighten the mount 
fasteners to the torque listed in this Chapter's 
Specifications. 

9 Remove the jackstands and lower the 
vehicle. 
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13 Extension housing oil seal - 
replacement 


Refer to illustrations 13.6 and 13.8 

1 Raise the vehicle and support it securely 
оп jackstands. 

2 Тһе extension housing oil seal is located 
at the extreme rear of the transmission, where 
the driveshaft is attached. If leakage at the 
seal is suspected, raise the vehicle and sup- 
port it securely on jackstands. If the seal is 
leaking, transmission lubricant will be built up 
on the front of the driveshaft and may be drip- 
ping from the rear of the transmission. 

3 Refer to Chapter 8 and remove the drive- 
shaft. Note: The driveshaft is balanced as an 
assembly with the transmission output flange 
and the pinion flange at the rear axle. Always 
make matching marks one the mating flanges 
at each end of the driveshaft before removing 
the driveshaft. 

4 Оп circular flange or yoke type rear out- 
put shafts, remove the flange/yoke nut and 
washer and remove flange/yoke. 

5 Using a soft-faced hammer, carefully tap 
the dust shield (if equipped) to the rear and 
remove it from the transmission. Be careful 
not to distort it. 

6 Using a screwdriver or prybar, carefully 
pry the oil seal out of the rear of the transmis- 
sion (see illustration). Do not damage the 
splines on the transmission output shaft. 

7 Ifthe oil seal cannot be removed with 
а screwdriver or prybar, a special oil seal 
removal tool (available at auto parts stores) 
will be required. 

8 Using a large section of pipe or a very 
large deep socket as a drift, install the new 
oil seal (see illustration). Drive it into the 
bore squarely and make sure it's completely 
seated. 

9  Reinstall the dust shield, if equipped, by 
carefully tapping it into place. 

10 On circular flange or yoke type output 
shafts, clean the yoke splines and lightly lubri- 
cate them with muiti-purpose grease, then 
slip the flange/yoke over the output shaft and 
carefully past the new seal until it bottoms. 
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12.2 Pry up on the transmission mount 
and check for looseness. 


Coat the nut with a thread locking compound. 
Install the washer and nut and tighten the nut 
to the torque listed in this Chapter’s Specifica- 
tions. 

11 Lubricate the splines of the transmission 
output shaft and the outside of the driveshaft 
sleeve yoke with lightweight grease, then 
install the driveshaft. Be careful not to dam- 
age the lip of the new seal. 

12 Remove the jackstands and lower the 
vehicle. 

13  Check/refill the transmission with lubri- 
cant (see Chapter 1). 


14 Automatic transmission - 
removal and installation 


Refer to illustrations 14.5 and 14.17 


Removal 

1  Disconnect the cable from the negative 
battery terminal. 

2 If possible, raise the vehicle on a hoist. 
Alternatively, raise the vehicle to obtain the 
maximum possible amount of working room 
underneath, and support it securely on jack- 
stands. Familiarize yourself with the applica- 
ble components. 


A 


13.6 Use a large screwdriver or prybar to pry the seal out of the 13.8 
transmission extension housing 


A hammer and a large socket can be used to drive 
the new seal evenly into the bore 


3 Drain the transmission fluid (see Chap- 
ter 1). After draining, temporarily install the 
pan with four bolts to hoid it in place. 

4 Remove the torque converter access 
cover and adapter plate boits from the front 
lower end of the converter housing. 

5  Markthe torque converter and one of the 
studs with white paint so they can be installed 
in the same position (see illustration). 
Remove the driveplate-to-converter attaching 
nuts, turning the engine as necessary to gain 
access by means of a socket on the crank- 
shaft pulley attaching bolt. On some models, 
rubber plugs must be removed in order to 
access the converter nuts. 

6 Rotate the engine until the converter 
drain plug is accessible, then remove the 
plug, catching the fluid in the drain pan. Install 
and tighten the drain plug securely. 

7 Remove the driveshaft (see Chapter 8). 
Place a polyethylene bag over the end of the 
transmission to prevent dirt from entering. 

8 Remove the manual shift linkage (see 
Section 3) 

9 Remove the TV control rod or cable if 
equipped (see Section 4, AOD only). 

10 Remove the kickdown rod or cable if 
equipped (see Section 5, C6 only). 

11 Remove the vacuum modulator hose, if 
equipped (see Section 6, C6 only). 

12 Disconnect the Neutral safety switch 
electrical connector (C6 and AOD). 

13 Disconnect the manual lever position 
sensor electrical connector (Е400, 4R100, 
4R70W апа 4R75W). 

14 Remove the two bolts retaining the sole- 
noid body connector heat shield and remove 
the shield. Disconnect the solenoid body elec- 
trical connector (Е400 only). 

15 Remove the transmission fluid filler tube 
retaining bolt and lift the filler tube and dipstick 
out of transmission housing. 

16 Remove the starter (see Chapter 5). 

17 Disconnect the oil cooler lines at the 
transmission and plug them to prevent dirt 
from entering (see illustration). Use a flare 
nut wrench to avoid rounding off the nuts. 

18 Position a transmission jack beneath the 
transmission and raise it so that it just begins 
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14.5 Mark a torque converter stud to the driveplate to ensure that 
they're still in dynamic balance when reassembled 


to lift the transmission weight. 

19 Remove the nuts and bolts securing the 
rear mount and insulators to the crossmem- 
ber (see Section 12). 

20 |f right and left gussets are installed 
between the crossmember and frame rails, 
remove the gusset attaching nuts and bolts 
and remove the gussets. 

21 Remove any harness ties on the cross- 
member and the nuts and bolts securing the 
crossmember to the frame rails, raise the 
transmission slightly and remove the cross- 
member. 

22 Disconnect the inlet pipe flange(s) from 
the exhaust manifold(s) (see Chapter 4). On 
later models, unbolt the exhaust pipe heat 
shields from the crossmember. 

23 Support the rear of the engine using a 
jack or blocks of wood. 

24 Make sure that the transmission is 
securely mounted on the jack and remove the 
transmission housing-to-engine bolts. 


25 Carefully move the transmission to the 
rear, down and away from the vehicle. Make 
sure the converter stays with the transmis- 
sion. 


Installation 

26 Installing the transmission is essentially 
the reverse of the removal procedure, but the 
following points should be noted: 


a) Push in on the converter and turn it to 
ensure that it's completely engaged with 
the front pump of the transmission. 

b) Rotate the converter to align the bolt 
drive lugs and drain plug with their holes 
in the driveplate. 

c) Do not allow the transmission to take a 
"nose-down" attitude as the converter 
will move forward and disengage from 
the pump gear. 

d) If the torque converter is fastened to the 
driveplate with bolts, position the drive- 
plate so one bolt hole ís in the six o'clock 


e) 


g) 


14.17 Remove 4% ой ит line fittings (arrows), pull the lines 
away from the transmission and plug them to 
keep out dirt and moisture 


position. Install one bolt, then rotate the 
engine (clockwise only) and install the 
other bolts. Don't tighten any bolts until 
all of them have been installed. 

Adjust the kickdown rod/cable (see Sec- 
tion 5) or TV rod/cable (see Section 4) 
and manual selector linkage (see Sec- 
tion 3) as necessary. 

If the vehicle is equipped with a transmis- 
sion fluid inline filter, install a new filter. If 
the transmission is not equipped with a 
transmission fluid filter, install a fluid filter 
service kit. Purchase this factory service 
kit from the dealer parts department. 
When the vehicle has been lowered to 
the ground, add sufficient fluid to bring 
the level up to the Max mark on the dip- 
stick with the engine not running. Having 
done this, start the engine and check 
and top-up the fluid level as described in 
Chapter 1. 
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Ford integral carrier 

DnvetpinenimutmihimmWumitengBe....... «coo uu euer eerte 
Drive pinion rotation preload (used беагіпоѕ).........................................: 
Pinion shaft lock bolt (using Loctite or едиімаіепі).................................. 
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Driveshafts 

Center support bearing Ббгаскеї-іо-сгоѕѕтетбег.................................... 
U-joint-to-companion flange U-bolt nuts ....................... een 
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Ford semi-floating with integral carrier (8.8 or 9.75-inch ring gear) 
Dana 60 semi floating 
Dana 60 full floating; Dana 70 full floating 


Ft-Ibs (unless otherwise indicated) 


250 to 270 
15 to 20 in-Ibs 
20 to 25 


35 
45 


40 to 55 
65 to 85 
90 to 120 


65 to 75 
back-off 1/4 turn 
15 to 20 


160 

8 to 14 in-Ibs 
15 to 30 

25 to 35 


30 to 47 
8to 15 
70 to 95 
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1 Rear axle - general information 


The rear axle assembly consists of a 
straight, hollow housing enclosing a differ- 
ential assembly and axleshafts. These 
assemblies support the vehicle’s ‘sprung’ 
weight components through leaf springs 
attached between the axle housings and the 
vehicle’s frame rails. 

The rear axle assemblies employed on 
vehicles covered by this manual are of two 
designs: those with semi-floating axleshafts 
and those with heavy duty full-floating 
axleshafts. Full-floating axleshafts do not 
themselves bear any of the vehicle’s weight, 
can be removed independent of the tapered 
roller wheel bearings and are designed only 
to transfer power to the rear wheels. Semi- 
floating axleshafts are themselves an integral 
part of the rear wheel support system, bearing 
vehicle weight as well as transferring power 
to the rear wheels. Both types of rear end 
designs use hypoid gears with the pinion gear 
centerline below the axleshaft centerline. 

Due to the need for special tools and 


2.2 If a seal removal tool isn't available, a 
prybar or even the end of the axle can be 
used to pry the seal out of the housing 


" м7 


2.3 Removing the axleshaft bearing with а 
slide hammer and puller attachment 


equipment, it is recommended that operations 
on these models be limited to those described 
in this Chapter. Where repair or overhaul is 
required, remove the axle assembly and take 
it to a rebuilder, or exchange it for a new or 
reconditioned unit. 

Always make sure that an axle unit is 
exchanged for one of identical type and gear 
ratio. 


2 Rear axleshaft oil seal and 
bearing (semi-floating type) - 
replacement 


Refer to illustrations 2.2, 2.3 and 2.5 

1 Remove the axleshaft (see Section 4). 

2 Remove the axleshaft seal using а 
special seal removal tool, a prybar or the 
end of the axleshaft (see illustration). If seal 
replacement is all that is required, proceed to 
Step 4. 

3 ‘If both bearing and seal require removal, 
both can be removed at the same time. Use 
a slide hammer in combination with a special 
bearing removal tool or an internal-jaw puller 
(see illustration). 

4 Inspect the inner surface of the housing 
for any conditions that would prevent the 
new seal or bearing from fitting into its seat 
correctly. Remedy any problems of this type 
such as burrs, galling or rust before attempting 
to install the new bearing or seal. 

5 If replaced, lubricate the new bearing 
with rear axle lube and install it squarely into 
the axle housing bore. Using an appropriate 
bearing/seal driver, tap the bearing into the 
housing until it bottoms in the bore (see 
illustration). Caution: Continuously verify 
that the bearing is being pressed squarely 
and not being cocked in the bore during this 
process. 

6 Prior to seal installation, smear a small 
amount of RTV sealant on the outer edge of 
the seal (do not allow the sealant to touch the 


2.5 Install the rear axle bearing into the 
axle tube using the appropriate 
bearing driver 


sealing lip) and coat the inner sealing lip with 
multi-purpose grease. 

7 Using an appropriate seal driver, tap the 
new seal into its bore. The seal must receive 
even pressure around its circumference, thus 
a tubular drift, large socket or special tool 
should be used for this. Drive the seal into the 
housing until it seats. 

8 Install the axleshaft(s) (see Section 4). 


3 Rear wheel hub bearings and 
grease seal (full-floating type) 
- removal, inspection and 
installation 


Refer to illustration 3.4 


Removal 

1 Raise the.rear of the vehicle and place it 
securely on jackstands. 

2 Remove the rear wheels, then remove 
the axleshafts (see Section 5) 

3 Remove the brake drums. All models 
allow separate removal of the brake drum 
(E-150, 250) or brake hub with disc (E-350) 
from the wheel hub assembly, allowing easier 
removal of the wheel hub. To remove the brake 
drum, remove the push-on drum retainers, 
if equipped, and pull the drum off the hub. 
If the brake drum will not come off easily, it 
may be necessary to retract the brake shoes 
slightly (see Chapter 9). Note: /f the vehicle 
is equipped with rear disc brakes, remove the 
hub and disc assembly (see Chapter 9). 

4 Install a special hub wrench so that 
the drive tangs of the tool engage the four 
slots in the hub nut and remove the nut (see 
illustration). 

5 Remove the outer bearing from the hub 
and pull the hub straight off the spindle. 

6 Use a large screwdriver or prybar to 
pry the seal from the back of the wheel hub. 
Remove the inner bearing. 


3.4 A special hub locknut wrench is 

required to turn the hub nut on full- 

floating axles - the drive tangs must 
fit into the hub nut slots 
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4.6 Position a large screwdriver between the rear axle case and 
a ring gear bolt to keep the differential case from turning when 


removing the pinion shaft lockpin 


Inspection 

7 Clean the hub nut and bearings with 
cleaning solvent; allow the parts to air dry. 

8 Clean the inside of the wheel hub to 
remove ail axle lubricant and grease. Clean 
the axle spindle. 

9 inspect the bearing assemblies for signs 
of wear, pitting, galling and other damage. 
Replace the bearings if any of these conditions 
exist. Inspect the bearing races for signs of 
erratic wear, galling and other damage. 

10 If the bearing races need replacement, 
drive out the bearing races from the wheel hub 
with a brass drift. Install the new races with 
a bearing cup replacer and drive handle or 
other suitable tool designed for this purpose. 
Never use a drift or punch for this operation as 
these races must be driven squarely, seated 
correctly and can be damaged easily. 


Installation 

11 Prior to installation, pack the inner and 
outer wheel bearings with high temperature 
grease (see Chapter 1) or equivalent. If you 
do not have access to a bearing packer, pack 
each bearing carefully by hand and make sure 
the entire bearing is penetrated with grease. 
12 Install the newly packed inner wheel 
bearing into the hub. Install a new hub inner 
seal with a suitable drive tool (tubular drift, 
large socket or special too!) being careful not 
to damage the seal. 

13 Prior to installing the wheel hub, coat 
the inner seal lip with grease and wrap the 
spindle threads with electrician's tape to 
prevent damage to the inner wheel bearing 
seal during installation. Also, cover the spindle 
with a light coat of grease. 

14 Carefully slide the hub assembly over the 
spindle, being very careful to keep it straight 
so as not to contact the spindle with the seal 
(which would damage it). Remove the electri- 
cian's tape. 

15 Install the newly packed outer wheel 
bearing over the spindle and into the wheel 
hub. i 


16 Install the hub nut, make sure the tab 
is located in the keyway with the identifi- 
cation markings facing out. Using the locknut 
wrench, tighten the locknut to 65 to 75 ft-lbs. 
Rotate the hub occasionally while tightening 
the locknut. Back the locknut off 90-degrees 
(1/4-turn counterclockwise), then tighten it to 
15 to 20 ft-lbs. 

17 Install the axleshaft (see Section 5) and 
brake drum. Tighten the axleshaft retaining 
bolts to the torque listed in this Chapter’s 
Specifications. 

18 Adjust the brakes if they were retracted 
for removal purposes (see Chapter 9). 

19 Install the wheel, remove the jackstands 
and lower the vehicle. 

20 Recheck the torque on the axleshaft 
bolts (see Section 5). 


4 Rear axleshaft (semi-floating 
type) - removal and installation 


Refer to illustrations 4.6, 4.7 and 4.8 


Removal 

1 Raise the rear of the vehicle and place it 
securely on jackstands. 

2 Remove the wheel(s) (see Chapter 1). 

3 Release the parking brake and remove 
the brake drum(s) (see Chapter 9). On models 
with rear disc brakes, remove the caliper and 
disc, then wire the caliper out of the way so 
it won't hang on the brake hose (see Chap- 
ter 9). 

4 Drain the rear axle lubricant into a 
suitable container by removing the rear axle 
housing cover (see Chapter 1). 

5 If still in place, discard the gasket. 

6 Remove the differential pinion shaft 
lockpin and discard it (see illustration). Note: 
It is possible for some Dana semi-floating 
axles to be equipped with lockpins coated 
with Loctite (or equivalent), or with lockpins 
with torque-prevailing threads. The Loctite- 


La 


4.7 Rotate the differential case 180-degrees and slide the pinion 
shaft out of the case until the stepped part of the shaft contacts 


the ring gear 


treated lockpins have a 5/32-inch hexagonal 
socket head, and the torque-prevailing 
lockpin has a 12-point drive head. If the axle 
is equipped with a Loctite-treated lockpin, it 
must not be re-used. If the lockpin is of the 
torque-prevailing type, it may be re-used up 
to four times (four removals and installations). 
When in doubt as to the number of times the 
torque-prevailing pin has been used, replace 
it with a new one. 

7 Lift out the differential pinion shaft to 
gain access to the axleshaft C-locks (see 
illustration). 

8 Push the flanged end of the axleshaft 
toward the center of the vehicle and remove 
the C-lock from the end of the shaft (see 
illustration). Note: On factory installed 
integral carrier axles, make sure not to lose 
or damage the rubber O-ring which is in the 
axleshaft groove under the C-clip. 

9 Pull the axleshaft from the housing, 
making sure not to damage the oil seals. 
Caution: Do not rotate the differential while 
the pinion shaft is removed, or the pinion 
gears and shims can fall out. 
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4.8 Push іп оп the axle flange and remove 
the C-lock (arrow) from the inner end of 
the axleshaft 
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5.1 Remove the axleshaft flange bolts... 


Installation 

10 Installation is basically the reverse of 
the removal procedure. Make sure not to 
damage the axle seal when reinstalling the 
axleshaft (the splines on the end of the shaft 
are sharp). Apply a thread locking compound 
to a new pinion shaft tockpin and tighten it 
to the torque listed in this Chapter’s Specifi- 
cations. Warning: Failure to correctly install 
the axleshaft C-locks or lockpin can result in 
loss of wheel/axle assembly or rear wheel 
lockup. 

11 Most axle housing covers are sealed 
with RTV sealant rather than a gasket. 
Before applying this sealant, make sure the 
machined surfaces on both cover and carrier 
are clean and free of oil. When cleaning the 
surfaces, cover the inside of the axle with a 
clean lint-free cloth to prevent contamination. 
Apply a continuous bead of the sealant to 
the carrier casting face, inside the cover bolt 
holes. Install the cover within 15 minutes of 
the application of the sealant and tighten the 
bolts in a criss-cross pattern to the torque 


6.4 use an inch-pound torque wrench to check the torque 
necessary to rotate the pinion shaft 
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5.2... and pull the axleshaft straight out 
of the axle housing 


listed in this Chapter’s Specifications. 

12 Install the brake drum(s) and adjust 
if required (see Chapter 9). On models 
equipped with rear disc brakes, reinstall the 
disc and the caliper (see Chapter 9). 

13 Install the wheel(s) (see Chapter 1). 

14 Fill the rear axle with lubricant (see 
Chapter 1). 

15 Remove jackstands and lower vehicle. 
Test drive and check for leaks. 


5 Rear axleshaft (full-floating type) 
- removal and installation 


Refer to illustration 5.1, 5.2 and 5.3 


Removal 

1 Remove the bolts which attach the 
axleshaft flange to the hub (see illustration). 
There is no need to remove the wheel or jack 
up the vehicle. 

2  Tapthe flange with a soft-faced hammer 
to loosen the shaft and then grip the rib of 


6.6 If you don't have the factory tool t 
while loosening and backing off the pinion flange locknut, use 


5.3 Check the O-ring for cracks or 
deterioration (it's a good idea to replace 
it whenever the shaft is removed 


the face of the flange with a pair of locking 
pliers; twist the shaft slightly in both directions 
and withdraw it from the axle tube (see 
illustration). 


Installation 

3 Installation is the reverse of removal but 
hold the axleshaft level in order to engage 
the splines at its inner end with those in the 
differential side gear. Always use a new 
gasket or O-ring on the flange and keep both 
the flange and hub mating surfaces free of 
grease and oil (see illustration). Use new 
bolts, lock washers and/or a thread locking 
compound and tighten the bolts to the torque 
listed in this Chapter's Specifications. Note: 
Final tightening of the axleshaft retaining bolts 
should be done after the wheel lug nuts have 
been tightened (if the wheel was removed). 

4 Ifa loss of fluid is observed, check the 
differential lubricant level! and re-fill if required 
(see Chapter 1). 

о Test drive the vehicle and check for 
leaks. 


rer ame 


o hold 


the pinion flange 


a screwdriver inserted through a hole in the flange and jammed 
against the top of the reinforcing rib on the differential carrier 


6 Rear differential pinion bearing 
seal - replacement 


Refer to illustrations 6.4, 6.6, 6.7 and 6.10 
Caution: /f equipped with a factory installed 
integral carrier type rear axle, this procedure 
disturbs the pinion bearing preload adjustment. 
Follow the procedure very carefully to reset 
the pinion bearing preload during reassembly. 
1 Raise the rear of the vehicle and place it 
securely on jackstands. a 

2  lfequipped with a factory installed integral 
carrier type rear axle, remove the axleshafts 
(see Section 4 or 5). Note: The removal of the 
axleshafts is advisable to eliminate the added 
pinion shaft rotation resistance that otherwise 
might contribute to a false pinion shaft rotation 
preload torque value. 

3 Remove the driveshaft (see Section 10). 
4 If equipped with a factory installed integral 
carrier type rear axle, using an inch-pound 
torque wrench (scale from approximately O 
to 40 inch-pounds) on the drive pinion nut, 
measure and record the torque necessary to 
rotate the drive pinion in a load-free state (see 
illustration). 

5 Mark the drive pinion-to-companion 
flange orientation for proper location of flange 
to pinion upon reassembly. 

6 Using a suitable holding tool (see 
illustration) secure the companion flange 
while removing the pinion nut. 

7 Using a two-jaw puller, remove the 
companion flange from the drive pinion shaft 
(see illustration). Note: Some fluid loss may 
оссиг. 

8 Avoiding contact with the pinion shaft/ 
threads, tap out an edge of the seal using a 
dull screwdriver. Using vise-grips or other 
similar clamping pliers, grip the exposed edge 
and tap out the seal. 

9 Prior to installing the new seal, coat the 
housing mating surface with RTV sealant and 


6.7 If the pinion flange is difficult to remove, 
pull it off with a small puller 
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6.10 Lubricate the lips of the new pinion seal and seat it squarely 


in the bore, then drive it into the carrier with a seal driver or a 


lubricate the seal lip with clean differential 
lubricant. 

10 Clean the seal mating surface and install 
a new seal squarely in the housing bore. 
Using an appropriate seal driver if available, 
drive the seal squarely into the housing until 
it bottoms (see illustration). ІҒ a seal driver 
isn't available, a large deep socket or section 
of pipe can be used. 

11 Align the companion flange to the pinion 
marks and gently tap the flange onto the shaft 
far enough to get several pinion nut threads 
started. Note: Do not tap on the flange any 
more than necessary - allow the pinion nut to 
press the flange onto the shaft. 

12 Using a suitable holding tool, secure 
the companion flange while tightening the 
pinion nut to the minimum torque listed in this 
Chapter's Specifications. If equipped with a 
Ford integral type rear axle, while tightening, 
take frequent measurements of rotation torque 
using an inch-pound torque wrench (see 
Step 4) until the original free loaded rotation 
torque is obtained. Note: /f the original 
recorded reading was less than the specified 
rotation preload torque, continue tightening 
the drive pinion nut above the minimum 
torque value (in small increments) to obtain 
the specified rotation torque. If the rotation 
reading was higher than specification, stop 
tightening the pinion nut when the original 
rotation torque value is obtained again. In no 
case should the drive pinion nut be backed 
off to reduce rotation torque, so increase nut 
torque in small increments and check rotation 
torque after each increase. 

13 Install the driveshaft (see Section 10). 

14 Install the axleshafts (see Section 4 or 5). 
15 Install the wheels (see Chapter 1). 

16 Check the differential lubricant level and 
add if required (see Chapter 1). 

17 Test drive the vehicle and check for 
leaks. 


large socket 


7  Rearaxle assembly - removal 
and installation 


Removal 

1 Chock the front wheels, raise the rear 
of the vehicle and support it on jackstands 
placed under the rear frame member. 

2 Remove the wheels and brake drums. 
On models with rear disc brakes, remove the 
caliper and disc, then wire the caliper out of 
the way so it won't hang on the brake hose 
(see Chapter 9). 

3 Remove the driveshaft (see Section 10). 
4  Disconnect the lower end of the 
shock absorbers from the axle housing 
and disconnect the rear stabilizer bar if so 
equipped (see Chapter 10). 

5 | Remove the brake vent tube (if equipped) 
from the brake line junction and retaining 
clamp. 

6 Remove the brake lines from the clips 
that retain them to the axle and disconnect 
the brake line fittings from the wheel cylinders. 
Immediately plug the lines to prevent fluid loss 
and moisture or contamination from entering 
the system (see Chapter 9). Disconnect the 
parking brake cables and remove any clips or 
fasteners securing the cables to the rear axle 
housing. 

7 On vehicles with rear anti-lock brakes 
(RABS), be sure to unplug the brake sensor 
electrical connector (see Chapter 9). 

8 Support the weight of the axle on a floor 
jack and remove the nuts from the spring U- 
bolts. Remove the bottom clamping plates 
(see Chapter 10). 

9  Lowerthe axle assembly on the jack and 
withdraw it from the rear of the vehicle. 


Installation 
10 The axle assembly is installed by 
reversing the removal procedure. Tighten all 


t 


proper reassembly 


fasteners to the torque values listed in this 
Chapter’s Specifications and Chapter 10 
Specifications. 

11 Connect the brake lines and bleed the 
brakes (see Chapter 9). 


8  Driveshaft(s) - general 
information 


The driveshaft is of tubular construction 
and may be of a one or two-section type 
according to the wheelbase of the vehicle. 

All driveshafts used to drive the rear 
wheels have needle bearing type universal 
joints. Single-section shafts have a splined 
sliding sleeve at the front end connecting it to 
the output shaft of the transmission, while two- 
section shafts have a central slip joint. The 
purpose of these devices is to accommodate, 
by retraction or extension, the varying shaft 
length caused by the movement of the rear 
axle as the rear suspension deflects. 

Where a two-section shaft is used, the 
shaft is supported near its forward end on a 
ball bearing which is flexibly mounted in a 
bracket attached to the frame crossmember. 

The attachment of the rear end of the 
driveshaft to the rear axle pinion flange may 
be by U-bolt or bolted flange, according to the 
date of production and model. 

The driveshaft is finely balanced during 
manufacture and it is recommended that care 
be used when universal joints are replaced 
to help maintain this balance. It is sometimes 
better to have the universal joints replaced by 
a dealership or shop specializing in this type 
of work. If you replace the joints yourself, 
mark each individual yoke in relation to the 
one opposite in order to maintain the balance. 
Do not drop the assembly during servicing 
operations. 


10.2 Mark the driveshaft-to-companion flange relationship for 
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9 Driveshaft(s) - balancing 


1 Vibration of the driveshaft at certain 
speeds may be caused by any of the 
following: 


a) Undercoating or mud on the shaft 
b) Loose attachment bolts 

с) Worn universal joints 

d) Bent or dented driveshaft 


2 Vibrations which are thought to be 
emanating from the driveshaft are sometimes 
caused by improper tire balance. This should 
be one of your first checks. 

3 If the shaft is іп a good, clean, 
undamaged condition, it is worth discon- 
necting the rear end attachment straps and 
turning the shaft 180-degrees to see if an 
improvement is noticed. Be sure to mark the 
original position of each component before 
disassembly so the shaft can be returned to 
the same location. 

4 If the vibration persists after checking 
for obvious causes and changing the position 
of the shaft, the entire assembly should be 
checked out by a professional shop that has 
the proper equipment, or replaced. 


10 Driveshaft(s) - removal and 
installation 


Refer to illustration 10.2 


Note: Where two-piece driveshafts are 
involved, the rear shaft must be removed 
before the front shaft. 


Removal 

1 Raise the vehicle and support it securely 
on jackstands. 

2 Use chalk or a scribe to "index" the 
relationship of the driveshaft to the differential 


"m 


13.2 Removing a snap-ring from the bearing cup 


“ы Уа 


axle assembly mating flange. This ensures 
correct alignment when the driveshaft is 
reinstalled (see illustration). 

3 Remove the nuts or bolts securing the 
universal joint clamps to the flange. If the 
driveshaft has a splined slip joint on one end 
(either to the transmission or the center carrier 
bearing) be sure to place marks on the mating 
flange or shaft to retain proper alignment 
during reinstallation. 

4 Remove the nuts or bolts retaining 
the straps or universal joint to the flange 
on the opposite end of the driveshaft (if so 
equipped). 

5 Pry the universal joint away from its 
mating flange and remove the shaft from the 
flange. Be careful not to let the caps fall off of 
the universal joint (which would cause contam- 
ination and loss of the needle bearings). 

6 Repeat this process for the opposite end 
if it is equipped with a universal joint coupled 
to a flange. 

7 Ifthe opposite end is equipped with a 
sliding joint (spline), simply slide the yoke off 
the splined shaft. 

8 Ifthe shaft being removed is the front 
shaft of a two-piece unit, the rear is released 
by unbolting the two bolts securing the center 
bearing assembly. Again, make sure both 
ends of the shaft have been marked for instal- 
lation purposes. 


Installation 


9 Installation is the reverse of removal. 
If the shaft cannot be lined up due to the 
components of the differential or transmission 
having been rotated, put the vehicle in Neutral 
or rotate one wheel to allow the original 
alignment to be achieved. Make sure the 
universal joint caps are properly placed in 
the flange seat. Tighten the fasteners to the 
torque listed in this Chapter's Specifications. 


13.3a Removing the bearing cups from the yoke using different 
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size sockets on either side of the cup 


11 Driveshaft carrier bearing - check 
and replacement 


Check 


1 The carrier bearing can be checked in 
a similar manner as the universal joints are 
examined. Check for looseness or deterio- 
ration of the flexible rubber mounting. 

2 Further examination of the carrier 
bearing can be made by running the vehicle 
in gear with the rear wheels raised in the air. 
However, this should be done with the vehicle 
supported on a lift and by a dealer service 
department or other qualified repair facility 
who can perform the tests safely. 


Replacement 

3 Remove the driveshaft assembly (see 
Section 10). 

4 With the driveshaft removed from the 
vehicle and the shaft sections separated at 
the center bearing, remove the bearing dust 
shield. 

5 Remove the strap which retains the 
rubber cushion to the bearing support 
bracket. 

6 Separate the cushion, bracket and 
bearing. 

7 Pull the bearing assembly from the 
driveshaft. 

8 Replace any worn components with new 
ones and reassemble. If the inner deflector 
was removed, install it to the shaft and stake 
it at two opposite points to ensure that it is a 
tight fit. 

9 Pack the space between the inner dust 
deflector and the bearing with lithium-base 
grease. 

10 Carefully tap the bearing and slinger 
assembly onto the driveshaft journal until the 
components are tight against the shoulder on 
the shaft. Use a suitable piece of tubing to 
do this, taking care not to damage the shaft 
splines. 

11 Install the dust shield (small diameter 
first) and press it up against the outer slinger. 


12 Install the bearing rubber cushion, 
bracket and strap. 

13 Reconnect the driveshafts, making sure 
the previously made marks are aligned (see 
Section 10). 


12 Universal joints - general 
information, lubrication and 
check 


1 Universal joints are mechanical couplings 
which connect two rotating components that 
meet each other at different angles. 

2 These joints are composed of a yoke on 
each side connected by a crosspiece called 
a trunnion. Cups at each end of the trunnion 
contain needle bearings which provide smooth 
transfer of the torque load. Snap-rings, either 
inside or outside of the bearing cups, hold the 
assembly together. 

3 Refer to Chapter 1 for details on 
universal joint lubrication. Also see the routine 
maintenance schedule at the beginning of 
Chapter 1. 

4 Wear in the needle roller bearings is 
characterized by vibration in the driveline, 
noise during acceleration, and in extreme 
cases of lack of lubrication, metallic squeaking 
and ultimately grating and shrieking sounds 
as the bearings disintegrate. 

5 It is easy to check if the needle bearings 
are worn with the driveshaft in position, by 
trying to turn the shaft with one hand, the 
other hand holding the rear axle flange when 
the rear universal joint is being checked, and 
the front half coupling when the front universal 
joint is being checked. Any movement 
between the driveshaft and the front half 
couplings, and around the rear half couplings, 
is indicative of considerable wear. Another 
method of checking for universal joint wear is 
to use a pry bar inserted into the gap between 
the universal joint and the driveshaft or flange. 
Leave the vehicle in gear and try to pry the 
joint both radially and axially. Any looseness 
should be apparent with this method. A final 
test for wear is to attempt to lift the shaft and 


note any movement between the yokes of the 
joints. 

6 If any of the above conditions exist, 
replace the universal joints with new ones. 


13 Universal joints - replacement 


Refer to illustrations 13.2, 13.3a and 13.3b 

1 With the driveshaft removed, mark the 
location of the joint yokes in relation to each 
other. 

2 Extract the snap-rings from the ends of 
the bearing cups (see illustration). 

3 Using sockets or pieces of pipe of suitable 
diameter, use a vise to press on the end of 
one cup to displace the opposite one into the 
larger socket wrench or pipe. The bearing 
cup will not be fully ejected and it should be 
gripped with pliers and twisted completely out 
of the yoke (see illustrations). 

4 Remove the first bearing cup by pressing 
the trunnion in the opposite direction, then 
repeat the operations on the other two cups. 
5 Clean the yoke and inspect for damage 
or cracks. 

6 Obtain the appropriate repair kit which 
will include trunnion, cups, needle rollers, 
seals, washers and snap-rings. 

7 Before beginning reassembly, pack 
the reservoirs in the ends of the trunnion 
with grease and work some into the needle 
bearings taking care not to displace them from 
their location around the inside of the bearing 
cups. 

8 Position the trunnion in the yoke, partially 
install one cup into the yoke and insert the 
trunnion a little way into it. Partially install the 
opposite cup, center the trunnion, then, using 
the vise, press both cups into position using 
sockets of diameter slightly less than that of 
the bearing cups. Make sure that the needle 
bearings are not displaced and trapped during 
this operation. 

9 Install the snap-rings. 

10 Align the shaft yokes and install the other 
bearing cups in the same manner. 
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Specifications 
General 
atic ss tliis] (P 10 GO н ак ЕТТІ See Chapter 1 
Drum brakes 
(Ds 97 ҰН ПЕ ео ЕНІН ТТТ Specified on drum 
ао Па ле) е АЗ ОКИ Ѕее Сһаріег 1 
Disc brakes 
MinimumipadlliDiDGItIlCKDIess svn НЕ See Chapter 1 
Oftsxe Gud RTT НДЕ AREE ТИИ Specified on disc 
Maximum runout 
Front disc 
E-150, 250, 350 (single rear у/һевіб)..........................1.2.2.0..2 4400. 0.003 inch 
E-aboldiralireamwWheegls) peces eas nono ocn toan aues ennt 0.005 inch 
Rear disc (E-350) | 
119579) (ӘБ 1) Клан... 0.008 inch 
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0.0015 inch 
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Torque specifications 


Note: One foot-pound (ft-lb) of torque is equivalent to 12 inch 
expressed in inch-pounds, because most foot-pound torque wrenc 
Backing plate-to-axle housing пиз...................... 
Brake booster-to-firewall пиіб.......................4. 


Caliper mounting bolts 
Front caliper 


ЕЛБОЦМӨЗеЕ 22-2... 


Е-250, 350 


1992 through 1994.............................. 
ТӨӨ Т ees eere mM 


Rear caliper 


Models through 2007 нее не. 
20} es venero eoe erae ERR Enna 


Anchor plate-to-spindle bolts 
Front brakes 


(S Obitol2009 22222. 2---. 


2004 and 2005 


Rear brakes 


q1O96ltbroug2007. е 
2ooetapdilatere 0. eser. susct 
Master cylinder-to-brake booster nuts ................. 


Wheel speed sensor mounting bolt 


Rear-wheel anti-lock systems ........................ 
4-wheel anti-lock ѕуѕіет.............................. 


1 General information 


General description 

All models covered by this manual are 
equipped with hydraulically-operated, power- 
assisted brake systems. All front brake sys- 
tems are disc type, while the rear brakes are 
either drum type or disc type. All models are 
equipped with a rear wheel anti-lock brake 
system (RABS) and some. 1995 and later 
models may be equipped with a four wheel 
anti-lock brake system (4WABS). These sys- 
tems are described in Section 2. All 2004 
and later models are equipped with rear disc 
brakes and 4-wheel ABS systems. 

The brake disc and hub on rear disc 
brake systems are one casting and not avail- 
able separately. The brake disc and hub 
incorporate the rear wheel bearings, cups and 
seals. 

All brakes are self-adjusting, The front 
disc brakes automatically compensate for pad 
wear, while the rear drum brakes incorporate 
an adjustment mechanism which is activated 
as the brakes are applied. 

The hydraulic system is a split design, 
meaning there are separate circuits for the 
front and rear brakes. If one circuit fails, the 
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Ft-Ibs (unless otherwise indicated) 


20 to 30 
15 to 20 


22 to 27 


85 to 100 


22 to 26 
16 to 30 


са аас 27 
а оооло 45 


141 to 191 


ROPE оосо оаа 129 
ox n PAESE 166 
Аы С ОИС 166 
КЕТ асс 195 


ЖОО ш л оо: 128 
Hecate mS. 166 


18 to 25 


25 to 30 
44 to 53 in-Ibs 


other circuit will remain functional and a warn- 
ing indicator will light up on the dashboard, 
showing that a failure has occurred. 


Master cylinder 

The master cylinder is located under the 
hood, mounted to the power brake booster, and 
is best recognized by the large fluid reservoir 
on top. The removable plastic reservoir is parti- 
tioned to prevent total fluid loss in the event of a 
front or rear brake hydraulic system failure. 

The master cylinder is designed for the 
"split system" mentioned earlier and has sep- 
arate primary and secondary piston assem- 
blies, the piston nearest the firewall being the 
primary piston, which applies hydraulic pres- 
sure to the front brakes. 

The control valve that is built into the 
master cylinder regulates the hydraulic pres- 
sure to the rear brake system. 


Parking brake 

The parking brake mechanically operates 
the rear brakes only, through cable actuation. 
Its activated by a pedal mounted on the left 
side kick panel. The parking brake cables pull 
on a lever attached to the brake shoe assembly 
(drum) or caliper (disc), causing the shoes to 
expand against the drum (drum brake systems). 


-pounds (in-Ibs) of torque. Torque values below approximately 15 foot-pounds are 
hes are not accurate at these smaller values. 


Incorporated into the parking brake pedal 
assembly is a self-adjusting mechanism. 
Proper tension is maintained on the parking 
brake cable whenever the pedal is depressed. 
There are no provisions for adjustment. 


Anti-lock Brake System (ABS) 

A rear wheel anti-lock brake system 
(RABS) is used on these vehicles to improve 
directional stability and control during hard 
braking. Some models are equipped with a 
4-wheel anti-lock brake system (4WABS) that 
prevents wheel skid at all four wheels. 

All 2004 and later models are equipped 
with rear disc brakes and 4-wheel ABS sys- 
tems. 


Precautions 
There are some general cautions and 


warnings involving the brake system on this 
vehicle: 


a) Use only brake fluid conforming to DOT 
3 specifications. 

b) The brake pads апа linings contain fibers 
which are hazardous to your health if 
inhaled. Whenever you work on brake 
system components, clean all parts with 
brake system cleaner. Do not allow the 
fine dust to become airborne. 


Chapter9 Brakes 


2.7 The hydraulic control unit (A) is 
located adjacent to the master 
cylinder (B) - 4WABS 


c) Safety should be paramount whenever 
any servicing of the brake components is 
performed. Do not use parts or fasteners 
which are not in perfect condition, and be 
sure that all clearances and torque spec- 
ifications are adhered to. If you are at all 
unsure about a certain procedure, seek 
professional advice. Upon completion of 
any brake system work, test the brakes 
carefully in a controlled area before put- 
ting the vehicle into normal service. 


If a problem is suspected in the brake 
system, don't drive the vehicle until it's fixed. 


2  Anti-lock brake system - general 
information 


Description 
Refer to illustration 2.7 

The Anti-lock brake system is designed 
to maintain vehicle maneuverability, direc- 
tional stability and optimum deceleration under 
severe braking conditions on most road sur- 
faces. It does so by monitoring the rotational 
speed of the wheels and controlling the brake 
line pressure during braking. This prevents the 
wheels from locking up prematurely. 

Two types of systems are used: rear 
wheel anti-lock brake system (RABS) and 4- 
wheel anti-lock (4WABS). RABS only controls 
lockup on the rear wheels, whereas 4WABS 
prevents lockup on ail four wheels. 

The rear wheel anti-lock brake system 
(RABS) consists of the following components 
and their locations in the vehicle: 


a) Anti-lock electronic control module - 
located on the instrument panel brace 
behind the passenger side trim cover. 

b) RABS valve - located on the left frame 
side rail just behind the engine mount 
front crossmember. 

c) Asingle rear axle sensor and sensor ring 
- located in the rear axle housing. 

d) ABS amber warning light - located in the 
instrument cluster. 


The RABS valve consists of an accumu- 


lator, dump solenoid and an isolation valve. 
During normal braking conditions, brake 
hydraulic fluid from the master cylinder enters 
the RABS valve and passes through to each 
of the rear wheels. 

When the anti-lock brake control module 
senses that a rear wheel is about to lock up, 
the RABS valve opens and closes in mil-sec- 
ond intervals to control the hydraulic fluid to 
the rear wheel cylinders. This prevents lockup 
of the rear wheels. 

The four wheel anti-lock brake system 
(4WABS) consists of the following compo- 
nents and their locations in the vehicle: 


a) Anti-lock electronic control module - 
located next to the fuel filter (early mod- 
els) or mounted next to the HCU (late 
models). 

b) Hydraulic Control Unit (HCU) - located in 
the engine compartment. 

c) Two front wheel anti-lock sensors and 
two sensor rings - located at each front 
wheel. 

d) A single rear axle speed sensor and sen- 
sor ring - located in the rear axle housing. 

e) ABS relay - located in the fuse box. 

f) ABS amber warning light - located in the 
instrument cluster. 


The hydraulic control unit consists of a 
brake pressure control valve block, a pump 
motor and a hydraulic control unit reservoir 
with a fluid level indicator assembly (see 
illustration) 

During normal braking conditions, brake 
hydraulic fluid from the master cylinder enters 
the hydraulic control unit through two inlet 
ports and passes through four normally open 
inlet valves, one to each wheel. 

When the anti-lock brake contro! mod- 
ule senses that a wheel is about to lock up, 
the anti-lock brake control module closes the 
appropriate inlet. This prevents any more fluid 
from entering the affected brake. If the module 
determines that the wheel is still decelerat- 
ing, the module opens the outlet valve, which 
bleeds off pressure in the affected brake. 


Actuator assembly 

The actuator assembly includes the mas- 
ter cylinder and a control valve which consists 
of a dump valve and an isolation valve. The 
valve operates by changing the brake fluid 
pressure in response to signals from the con- 
trol unit. 


Control module 

The control module for the anti-lock 
brakes on RABS-equipped models is called the 
anti-lock electronic control module; it's located 
inside the center of the dash. The control unit 
on 4WABS-equipped models is mounted next 
to the fuel filter on early models or directly 
under the hydraulic control unit on late models. 
Either control unit is the "brain" for the system. 
The function of the control unit is to accept 
analog voltage inputs from the speed sensors, 
process that data, and control hydraulic line 
pressure to avoid wheel lockup. 

The control units for both systems con- 
stantly monitor the system, even under nor- 


2.13 The ABS speed sensor is mounted 
on top of the rear differential (arrow) 


mal driving conditions, to detect malfunctions. 
If a problem develops within the system, the 
control unit illuminates a yellow ABS warning 
light on the instrument cluster, and may even 
shut down the anti-lock system if it's a seri- 
ous malfunction. A diagnostic trouble code 
will also be stored, which, when retrieved by 
a service technician, will indicate the problem 
area or component. 


Speed sensor 
Refer to illustration 2.13 

A speed sensor produces an "analog" 
(continuously variable) voltage output, which 
is transmitted to the control unit, where it's 
converted to digital information, compared 
to the control unit's program, and interpreted 
as wheel rotation speed. On both systems, a 
single rear wheel speed sensor is located in 
the top of the differential carrier (see illustra- 
tion). 4WABS systems also use a front wheel 
speed sensor in each front steering knuckle. 


Brake light switch 

The brake light switch, known as the 
brake on-off (or BOO) switch on these mod- 
els, signals the control unit when the driver 
steps on the brake pedal. Without this signal 
the anti-lock system won't activate. The RABS 
or RWABS system is de-activated when the 
brake pedal is released. 


Diagnosis and repair 
If the yellow ABS warning light on the 
instrument cluster comes on and stays on, 
make sure the parking brake is released and 
there's no problem with the brake hydraulic 
system. If neither of these is the cause, the 
anti-lock system is probably malfunctioning. 
Although special test procedures are neces- 
sary to properly diagnose the system, the 
home mechanic can perform a few preliminary 
checks before taking the vehicle to a dealer 
service department. 
a) Make sure the brakes, calipers and 
wheel cylinders are in good condition. 
b) Check the electrical connectors at the 
control unit. 
c) Check the fuses. 
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а) Follow the wiring harness to the speed 
sensors and brake light on-off (BOO) 
switch and make sure all connections 
are secure and the wiring isn't damaged. 

e) Use a code reader or scan tool to check 
for ABS-specific diagnostic trouble codes 


If the above preliminary checks don't 
rectify the problem, the vehicle should be 
diagnosed by a dealer service department. 


3 Brake pads - replacement 


Refer to illustrations 3.6 and 3.7a through 
3.7m 


Warning: Disc brake pads must be replaced 
on both front wheels at the same time - never 
replace the pads on only one wheel. Also, the 
dust created by the brake system is harmful 
to your health. Never blow it out with com- 
pressed air and don't inhale any of it. An 
OSHA approved filtering mask should be worn 
when working on the brakes. Do not, under 
any circumstances, use petroleum-based sol- 
vents to clean brake parts. Use brake system 
cleaner only! 


T ML Ж { 


3.6 Push the pistons back into their bores with а C-clamp to 
provide room for the new brake pads 


3.7b ... drive out the pin with a punch 
(1992 and 1993 E-150 model) 


Chapter9 Brakes 


1 Тһе caliper design differs with the vari- 
ous models. The E-150 has a single-piston 
caliper and all other models have a dual-pis- 
ton caliper. On 1992 and 1993 E-150 models, 
the caliper is retained by spring-lock caliper 
sliding pins. All other models use caliper 


‘mounting bolts to retain the caliper to the 


anchor plate or spindle. Brake pad service 
is essentially the same for both types of cali- 
pers. Note: The following photo sequence 
illustrates a single piston, front caliper brake 
assembly. The dual piston assembly mounted 
on the front and rear of late models is similar. 
2 Remove the cover from the brake fluid 
reservoir and siphon out about half of the 
brake fluid. 

3 Apply the parking brake and block the 
rear wheels. Loosen the wheel lug nuts, raise 
the front of the vehicle and support it securely 
on jackstands. 

4 Remove the front wheels. Work on one 
brake assembly at a time, using the assem- 
bled brake for reference if necessary. 

5 Inspect the brake disc carefully as out- 
lined in Section 4. If machining is neces- 
sary, follow the information in that Section to 


3.7a Use pliers and squeeze the caliper retaining pin while 
prying the other end until the tabs on the pin enter the 
spindle groove апа... 


Li 
CUN m cs 


and hammer ЗҮ 


(H 


c If equipped with caliper mounting bolts, 
remove the bolts (arrows) апа... 


remove the disc, at which time the pads can 
be removed from the calipers as well. 

6 Push the piston back into the bore to 
provide room for the new brake pads. A large 
C-clamp can be used to accomplish this (see 
illustration). As the piston is depressed to 
the bottom of the caliper bore, the fluid in the 
master cylinder will rise. Make sure it doesn't 
overflow. If necessary, siphon off some addi- 
tional fluid. Caution: Don't use a screwdriver 
or similar tool to pry the piston away from the 
rotor. 

7 Follow the accompanying illustrations for 
the actual pad replacement procedure (see 
illustrations 3.7a through 3.7m). Be sure to 
stay in order and read the caption under each 
illustration. 

8 When reinstalling the caliper, be sure to 
tighten the caliper bolts to the torque listed 
in this Chapter’s Specifications. After the job 
has been completed, firmly depress the brake 
pedal a few times to bring the pads into con- 
tact with the disc. 

9 Check for fluid leakage and make sure 
the brakes operate normally before driving in 
traffic. 
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3.7d ..- remove the caliper from the brake disc - on later 2-piston 3.7e If the caliper isn’t going to be removed for service, suspend 
calipers, both pads will stay in the caliper bracket, not the caliper it with a length of wire to relieve any strain on the brake hose 
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3.7f Release the locking tabs and slide 3.7g Prior to installing the caliper, lightly 3.7h ... apply caliper slide rail grease to 
the outer pad from the caliper, then lubricate the V-grooves where the caliper the sliding surface of the caliper bolts 
remove the inner pad and anti-rattle clips slides into the anchor plate with disc 
- on E-150 2-piston calipers, remove the brake caliper slide rail grease or... 


two springs that secure the pads in the 
caliper mounting bracket 


3.7i Use an eight inch C-clamp and 3.7j Insert a new anti-rattle clip on the 3.7k Make sure the spring tags on the 


press the piston into the caliper lower end of the inner pad - on 2-piston spring clip are positioned correctly and 
until it bottoms out caliper systems, install both pads in the the clip is fully seated 


caliper mounting bracket, and install the 
retaining clips (E-150 models only) 


3.71 Compress the anti-rattle clip and 
slide the upper end of the pad into 
position - then push the outer pad into 


position on the caliper mounting ears 


4 Brake caliper - removal, overhaul 
and installation 


Refer to illustrations 4.4, 4.6, 4.7, 4.8, 4.13, 
4.14, 4.15a, 4.15b and 4.16 

Warning: Dust created by the brake system is 
harmful to your health. Never blow it out with 
compressed air and don't inhale any of it. An 
OSHA approved filtering mask should be worn 
when working on the brakes. Do not, under 
any circumstances, use petroleum-based sol- 
vents to clean brake parts. Use brake system 
cleaner only! 

Note: /f an overhaul is indicated (usually 
because of fluid leakage) explore all options 
before beginning the job. New and factory- 
rebuilt calipers are available on an exchange 
basis, which makes this job quite easy. If it is 
decided to rebuild the calipers, make sure that 
a rebuild kit is available before proceeding. 
Always rebuild the calipers in pairs - never 
rebuild just one of them. 


ж” 


4.6 With the caliper padded to protect the 
piston, use compressed air to force the 
piston out of its bore - make sure your 
hands or fingers are not between 
the piston and caliper 
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3.7m Place the caliper assembly onto the 
brake disc, then drive the caliper pins 
into their grooves or install the 
caliper mounting bolts (1992 
and 1993 models shown) 


Removal 

1 Apply the parking brake and block the 
wheels. Loosen the wheel lug nuts, raise the 
front/rear of the vehicle and support it securely 
on jackstands. 

2 Remove the front or rear wheels, 
depending on which set of calipers will be 
overhauled. 

3  Unscrew the brake hose banjo bolt and 
detach the hose from the caliper. Caution: 
On 4WABS-equipped models, plug the brake 
hose immediately to prevent air from getting 
into the hydraulic control unit (HCU). If air gets 
into the HCU, you will not be able to bleed the 


: brakes properly at home. On non-4WABS 


models, cap the end of the hose to prevent 
fluid loss and contamination. 

4 Refer to the first few Steps in Section 
3 to separate the caliper from the rotor - it's 
part of the brake pad replacement procedure. 
Note: On rear disc brake systems, disconnect 
the emergency brake cable from the caliper 
(see illustration). 


4.7 Remove the dust boot from the caliper 
bore groove 


4.4 On rear disc brake systems, retract 
the spring, pull the cable up and out of 
the cable stop and remove the cable 
end from the caliper 


Overhaul 

5 Clean the exterior of the caliper with 
brake system cleaner. Never use gasoline, 
kerosene or petroleum-based cleaning sol- 
vents. Place the caliper on a clean work- 
bench. 

6 Position a wood block or several shop 
rags in the caliper as a cushion, then use 
compressed air to remove the piston from the 
caliper (see illustration). Use only enough air 
pressure to ease the piston out of the bore. 
Warning: Never place your fingers in front 
of the piston in an attempt to catch or protect 
it when applying compressed air, as serious 
injury could occur. 

7 Carefully pry the dust boot out of the 
caliper bore (see illustration). 

8 Using a wood or plastic tool, remove the 
piston seal from the groove in the caliper bore 
(see illustration). Metal tools may cause bore 
damage. 

9 Remove the caliper bleeder screw and 
discard all rubber parts. 

10 Clean the remaining parts with brake 


4.8 The piston seal should be removed 
with a plastic or wooden tool to avoid 
damage to the bore and seal groove 
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4.13 Push the new seal into the groove 
with your fingers, then check to see 
that it isn't twisted or kinked 


system cleaner, then blow them dry with com- 
pressed air. 

11 Carefully examine the piston for nicks 
and burrs and loss of plating. If surface defects 
are present, the parts must be replaced. 
Check the caliper bore in a similar way. 

12 Discard the mounting pins if they're cor- 
roded or damaged. 

13 When assembling, lubricate the piston 
bore and seals with clean brake fluid. Install 
the seal in the groove of the caliper bore (see 
illustration). Make sure the seal does not 
become twisted and that it is firmly seated in 
the groove. 

14 Install a new boot in the upper groove of 
the caliper bore (see illustration). 

15 Lubricate the piston with clean brake 
fluid, insert the piston into the boot (see illus- 
tration), then push it squarely into the bore, 
Use a C-clamp and wood block to press the 
piston in until it bottoms out (see illustra- 
tion). 

16 Seat the lip of the dust boot in the groove 
on the piston (see illustration). 

17 Install the bleeder screw. 


4.15b Use а C-clamp and a block of wood 

to bottom the piston in the cylinder bore - 
make sure it goes in perfectly straight, or 
the sides of the piston may be damaged 


4.14 Install the dust boot in the upper 
groove in the caliper bore, make 
sure it's completely seated 


Installation 

18 Refer to Section 3 for the caliper instal- 
lation procedure, as it is part of the brake pad 
replacement procedure. 

19 Install a new sealing washer on each side 
of the brake hose fitting, then install the brake 
inlet hose banjo bolt and tighten it securely. 
20 Bleed the brakes as outlined in Sec- 
tion 12. 

21 Install the wheels and lower the vehicle. 
Tighten the lug nuts to the torque listed in the 
Chapter 1 Specifications. 

22 Test the brake operation before placing 
the vehicle in normal service. 


5 Brake disc - inspection, removal 
and installation 


Refer to illustrations 5.4, 5.5a and 5.5b 


Inspection 

1  Loosen the wheel lug nuts, raise the 
vehicle and support it securely on jackstands. 
Remove the wheel(s). 

2 Remove the brake caliper (see the first 
few steps of Section 3). It's not necessary 


4.16 Install the lip of the dust boot in the 
groove in the caliper piston 


ъ_ 


4.15a Insert the piston into the dust boot 
(NOT the bore) at an angle, then work the 
piston completely into the dust boot 
using a rotating motion 


to disconnect the brake hose. After remov- 
ing the caliper, suspend the caliper out of 
the way with a piece of wire (see illustra- 
tion 3.7e). Don't let the caliper hang by the 
hose and don't stretch or twist the hose. 

3 Visually check the disc surface for score 
marks and other damage. Light scratches 
and shallow grooves are normal after use 
and may not always be detrimental to brake 
operation, but deep score marks - over 0.015- 
inch - require disc removal and refinishing 
by an automotive machine shop. Be sure to 
check both sides of the disc. If pulsating has 
been noticed during application of the brakes, 
suspect disc runout. Be sure to check the 
wheel bearings to make sure they're properly 
adjusted. 

4 To check disc runout, place a dial indi- 
cator at a point about 1/2-inch from the outer 
edge of the disc (see illustration). Set the 
indicator to zero and turn the disc. The indi- 
cator reading should not exceed the runout 
limit listed in this Chapter's Specifications. If 
it does, the disc should be refinished by an 
automotive machine shop. Note: Profession- 
als recommend resurfacing of brake discs 
regardless of the dial indicator reading to pro- 


5.4 Use a dial indicator to check disc 
runout - if the reading exceeds the 
maximum allowable runout limit, the disc 
will have to be machined or replaced 
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5.5b Use a micrometer to measure the disc thickness at several 
points near the edge 


6.1 During removal, lay the parts out in their correct order of 
removal to keep from getting confused 


6.4 Before removing drum ке compono wash them off with 
an aerosol brake system cleaner and allow them to dry - position 
a drain pan under the brake assembly to catch the residue - DO 
NOT use compressed air to blow brake 
dust from the components! 


duce a smooth, flat surface that will eliminate 
brake pedal pulsation’s and other undesirable 
symptoms related to questionable discs. 

5 Тһе disc must not be machined to a 
thickness less than the minimum refinish 
thickness. The minimum wear (or discard) 
thickness is cast into the inner surface of the 


disc (see illustration). The disc thickness 
can be checked with a micrometer at several 
points around the disc (see illustration). 


Removal 


6 Refer to Chapter 1, Section 26, for the 
hub/disc removal procedure on front disc 


ANCHOR PIN 
Біле. ң< 


г төө, 
20 am ТЗ p SPRING 
AE oll a 


bO Seenen 
om a LINK 


im © 


CABLE 2 


PRIMARY 
SHOE 


6.5a Components of 
the rear brake assembly 
(right side shown) 


brake systems. Refer to Chapter 8, Section 
3 for the hub/disc removal procedure on rear 
disc brake systems. 


Installation 

7 Install the disc and hub assembly and 
adjust the wheel bearings. 

8 Install the caliper and brake pad assem- 
bly. 

9 Install the wheel(s), then lower the 
vehicle to the ground. Tighten the lug nuts to 
the torque listed in the Chapter 1 Specifica- 
tions. Depress the brake pedal a few times 
to bring the brake pads into contact with the 
disc. Bleeding of the system isn't necessary 
unless the brake hose was disconnected from 
the caliper. Check the operation of the brakes 
carefully before placing the vehicle into nor- 
mal service. 


6 Rear brake shoes (E-150 models) 
- replacement and adjustment 


Refer to illustrations 6.1. 6.4 and 6.5a 
through 6.5y 

Warning: Dust created by the brake system is 
harmful to your health. Never blow it out with 
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6.5b If, after releasing the parking brake, 
the drum will not slide off the shoes, 
remove the rubber plug from the 
backing plate... 


compressed air and don't inhale any of it. An 
OSHA approved filtering mask should be worn 
when working on the brakes. Do not, under 
any circumstances, use petroleum-based sol- 
vents to clean brake parts. Use brake system 
cleaner only! 

Caution: Drum brake shoes must be 
replaced on both wheels at the same time - 
never replace the shoes on only one wheel. 
Whenever the brake shoes are replaced, the 


6.5d ...and slide the drum off 
the axle hub 


6.5f Pull up on the adjusting cable and 
disconnect the cable eye from 
the anchor pin ~ 


6.5с ... use а narrow- 
bladed screwdriver 
to push the adjusting 
lever away from the 
adjusting screw star 
wheel so you can turn Screwdriver 
the star wheel with a 
brake tool to retract the 
brake shoes... 


AdjustingTool 


retractor and hold-down springs should also 
be replaced. Due to the continuous heating/ 
cooling cycle that the springs are subjected 
to, they lose their tension over a period of time 
and may allow the shoes to drag on the drum 
and wear at a much faster rate than normal. 

1 То ease installation of the brake assem- 
bly, during the removal procedures lay out all 
parts in an assembled order on a rag near the 
work area (see illustration). 


2 Loosen the wheel lug nuts, raise the 


rear of the vehicle and support it securely on 


6.5e Use a brake spring tool to remove 
the shoe retracting springs 


6.5g Remove the anchor pin plate 


Plug Removed 


Adjusting Lever 


Star Wheel 
| UP = Retract 


DOWN = Expand 


jackstands. Block the front wheels to keep the 
vehicle from rolling. 

3 Release the parking brake. 

4 Remove the wheels. Note: А// four rear 
brake shoes must be replaced at the same 
time, but to avoid mixing up parts, work on 
only one brake assembly at a time. Before 
removing any drum brake components, wash 
them off with an aerosol brake system cleaner 
and allow them to dry - position a drain pan 
under the brake to catch the residue - do not 
use compressed air to blow the brake dust 
from the parts! (see illustration). 

5 Follow the accompanying photos (see 
illustrations 6.5a through 6.5y) for the 
inspection and replacement of the brake 
shoes. Be sure to stay in order and read the 
caption under each illustration. Note: /f the 
brake drum cannot be easily removed, make 
sure that the parking brake is completely 
released, then apply some penetrating oil at 
the hub-to-drum joint. Allow the oil to soak in 
and try to pull the drum off. If the drum still 
cannot be removed, the brake shoes will have 
to be retracted. This is accomplished by first 
removing the plug from the backing plate. 
With the plug removed, pull the lever off the 
adjusting star wheel with one small screw- 
driver while turning the adjusting wheel with 
another small screwdriver, moving the shoes 
away from the drum. 


6.5h Remove the shoe retaining springs 
and pins (one on each shoe) 
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6.5i Pull the shoes apart and remove 
the adjusting screw 


6.51 Pull the secondary shoe away from 
the backing plate 


6 Before reinstalling the drum it should 
be checked for cracks, score marks, deep 
scratches and hard spots, which will appear 
as small discolored areas. If the hard spots 
cannot be removed with fine emery cloth or if 
any of the other conditions listed above exist, 
the drum must be taken to an automotive 
machine shop for resurfacing. Note: Profes- 
sionals recommend resurfacing the drums 
whenever a brake job is done. Resurfacing 


a 


6.50 Install the parking brake actuator 
lever on the new brake shoe and install 
the retaining clip 
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6.5] Remove the primary shoe, then 
remove the parking brake strut and spring 


ie 


6.5m Separate the parking brake cable 
and spring from the actuating lever 


will eliminate the possibility of out-of-round 
drums. If the drums are worn so much that 
they can't be resurfaced without exceeding 
the maximum allowable diameter (cast into 
the drum), then new ones will be required. 
At the very least, if you elect not to have the 
drums resurfaced, remove the glazing from 
the surface with medium-grit emery cloth 
using a swirling motion. 

7 Install the brake drum on the axle flange. 


6.5p Lubricate the adjusting screw with 
high-temperature brake grease 


LJ 
6.5k Remove the adjuster pawl 


6.5n Remove the retaining clip which 
holds the parking brake actuating 
lever to the brake shoe 


8 Install the wheels, then lower the vehi- 
cle to the ground. Tighten the lug nuts to the 
torque listed in the Chapter 1 Specifications. 
9 Make a number of forward and reverse 
stops to adjust the brakes until satisfactory 
pedal action is obtained. 

10 Check brake operation before driving the 
vehicle in traffic. 


6.5q Lightly coat the shoe contact 
areas on the backing plate with high- 
temperature brake grease 
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6.5r Position the shoes on the backing 
plate, insert the retaining pins through 
the backing plate and shoes and 
place the springs over the pins 


7 Rear brake shoes (E-250 апа 
E-350 models) - replacement 
and adjustment 


Refer to illustrations 7.6, 7.9 and 7.22 

Warning: Drum brake shoes must be 
replaced on both wheels at the same time - 
never replace the shoes on only one wheel. 
Also, the dust created by the brake system is 


6.5u Install the adjusting screw with the long end pointing 


6.5s Install the retaining spring caps 


harmful to your health. Never blow it out with 
compressed air and don't inhale any of it. An 
OSHA approved filtering mask should be worn 
when working on the brakes. Do not, under 
any circumstances, use petroleum-based sol- 
vents to clean brake parts. Use brake system 
cleaner only! 

Caution: Whenever the brake shoes are 
replaced, the retractor and hold-down springs 
should also be replaced. Due to the continu- 


towards the front of the vehicle 


6.5w Install the anchor pin plate, cable 
guide and cable 


6.5v Install the adjusting pawl 


WEN. 


6.5t Make sure the wheel cylinder 
plungers and the parking brake strut 
properly engage the brake shoes 


ous heating/cooling cycle that the springs 
are subjected to, they lose their tension over 
a period of time and may allow the shoes to 
drag on the drum and wear at a much faster 
rate than normal. 

1  Toease installation of the brake assem- 
bly, during the removal procedures lay out all 
parts in an assembled order on a rag near the 
work area (see illustration 6.1). 

2 Loosen the wheel lug nuts, raise the 


6.5x Install the shoe guide and adjusting 
cable eye to the anchor pin, then install 
the shoe retracting springs 


6.5y Connect the cable and spring to the 
lever, then install the drum and adjust the 
brake shoe-to-drum clearance 
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rear of the vehicle and support it securely on 
jackstands. Block the front wheels to keep the 
vehicle from rolling. 

3 Release the parking brake. 

4 Remove the wheels and the brake 
drums. Note 1: /f the brake drum cannot be 
easily pulled off the axle and shoe assembly, 
make sure that the parking brake is com- 
pletely released, then apply some penetrat- 
ing oil at the hub-to-drum joint. Allow the oil to 
soak in and try to pull the drum off. If the drum 
still cannot be pulled off, the brake shoes will 
have to be retracted. This is accomplished by 
first removing the plug from the backing plate. 
With the plug removed, pull the lever off the 
adjusting star wheel with one small screw- 
driver while turning the adjusting wheel with 
another small screwdriver, moving the shoes 
away from the drum. The drum should now 
come off. Note 2: All four rear brake shoes 
must be replaced at the same time, but to 
avoid mixing up parts, work on only one brake 
assembly at a time. 

5 Before removing any drum brake com- 
ponents, wash them off with an aerosol brake 
system cleaner and allow them to dry - posi- 
tion a drain pan under the brake to catch the 
residue - do not use compressed air to 
blow the brake dust from the parts! (see 
illustration 6.4). 

6 Remove the parking brake lever assem- 
bly retaining nut from the back of the backing 
plate. Remove the parking brake lever assem- 
bly (see illustration). 

7 Remove the adjusting cable assembly 
from the anchor pin. Detach it from the cable 
guide and disconnect the other end from the 
adjusting lever. 

8 Remove the brake shoe retaining springs 
from both primary and secondary brake shoes. 
Use a brake spring tool for this operation. 

9 Remove the brake shoe hold-down 
springs from both the primary and secondary 
brake shoes (see illustration). 

10 Remove the brake shoes. The adjust- 


7.6 The parking brake lever is secured in place by the 
pivot bolt at the top 
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ing screw assembly will fall loose at this time. 
Keep all parts of this assembly together. 

11 Clean all of the springs and adjusting 
components with brake system cleaner. 

12 Clean the brake backing plate and hub 
components left on the vehicle. If the six 
ledge pads on the backing plate are corroded 
or rusty, sand them lightly to bare metal. 
Note: Prior to reassembly, inspect the wheel 
cylinder for signs of leakage and overhaul or 
replace a leaking wheel cylinder as required 
(refer to Section 8). 

13 Apply a light coat of brake lube to the 
shoe contact areas on the backing plate. 
Apply a coating of lube to the retracting and 
hold-down spring contact points on the brake 
shoes and backing plate. 

14 Dismantle and clean the pivot nut, adjust- 
ing screw, washer and socket. Take care not to 
mix these adjusting components from side-to- 
side as they are built for left-side or right-side 
installation only. If these components become 
mixed, the adjusting lever and the socket end 
of the adjusting screw are stamped with the 
letter L (left) or R (right). 

15 Lubricate the threads of the adjusting 
screw components with brake lube and retract 
the adjustment to the smallest dimension. 

16 Install the upper brake retracting spring 
between the two brake shoes and make sure 
you have the shoes positioned correctly. 

17 Place the shoes and spring assembly 
into position on the backing plate and position 
the wheel cylinder pushrods into their slots on 
the brake shoe webbing. 

18 Install both brake shoe hold-down 
springs. 


19 Position the brake shoe adjusting screw ' 


assembly into place between the bottom of 
the brake shoes with the slot in the head of 
the adjusting screw pointed toward the pri- 
mary shoe. 

20 Install the lower brake shoe retracting 
spring. 

21 Install the adjusting lever spring and the 


7.9 Remove the brake shoe hold-down springs 


cable assembly to the adjusting lever. Posi- 
tion the adjusting lever onto the proper pin of 
the secondary shoe. 

22 Place the adjusting lever cable into its 
proper position around the cable guide and 
hook the cable end to the anchor pin. Make 
sure the adjusting lever is engaged in the teeth 
of the adjusting screw (see illustration). 

23 Install the parking brake lever and retain- 
ing nut. 

24 Before reinstalling the drum it should 
be checked for cracks, score marks, deep 
scratches and hard spots, which will appear 
as small discolored areas. If the hard spots 
cannot be removed with fine emery cloth or if 
any of the other conditions listed above exist, 
the drum must be taken to an automotive 
machine shop for resurfacing. Note: Profes- 
sionals recommend resurfacing the drums 
whenever a brake job is done. Resurfacing 
will eliminate the possibility of out-of-round 
drums. If the drums are worn so much that 
they can't be resurfaced without exceeding 
the maximum allowable diameter (cast into 
the drum), then new ones will be required. 
At the very least, if you elect not to have the 
drums resurfaced, remove the glazing from 
the surface with medium-grit emery cloth 
using a swirling motion. 

25 Install the brake drum on the axle 
flange. 

26 Manually adjust the brakes (by turning 
the adjustment screw) until there is a slight 
drag on the brake drum, then back-off the 
adjuster until no drag is heard when the drum 
is turned. 

27' Install the wheels, then lower the vehi- 
cle to the ground. Tighten the lug nuts to the 
torque listed in the Chapter 1 Specifications. 
28 Маке a number of forward and reverse 
stops to adjust the brakes until satisfactory 
pedal action is obtained. 

29 Check brake operation before driving the 
vehicle in traffic. 
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7.22 Make sure the adjusting lever contacts the 
adjusting screw as shown 


8 Wheel cylinder - removal, 
overhaul and installation 


Note: /f an overhaul is indicated (usually 
because of fluid leakage or sticky operation) 
explore all options before beginning the job. 
New wheel cylinders are available, which 
makes this job quite easy. If it’s decided to 
rebuild the wheel cylinder, make sure that 
a rebuild kit is available before proceeding. 
Never overhaul only one wheel cylinder - 
always rebuild both of them at the same time. 


Removal 

Refer to illustration 8.4 

1 Loosen the wheel lug nuts, raise the 
rear of the vehicle and support it securely on 
jackstands. Block the front wheels to keep the 
vehicle from rolling. 

2 Remove the brake shoe assembly (see 
Section 6 or Section 7). 

3 Remove all dirt and foreign material from 
around the wheel cylinder. 

4 Unscrew the brake line fitting (see illus- 
tration). Don't pull the brake line away from 
the wheel cylinder. 

5 Remove the wheel cylinder mounting 
bolts. 

6 Detach the wheel cylinder from the brake 
backing plate and place it on a clean work- 
bench. Caution: On 4WABS-equipped mod- 
els, plug the brake line immediately to prevent 
air from getting into the hydraulic control unit 
(HCU). If air gets into the HCU, you will not 
be able to bleed the brakes properly at home. 
On non-4WABS models, cap the end of the 
line to prevent fluid loss and contamination. 
Warning: /f the brake shoe linings are con- 
taminated with brake fluid, install new brake 
shoes. 


Overhaul 

Refer to illustration 8.7 

7 Remove the bleeder screw, cups, pis- 
tons, boots and spring assembly from the 


8.4 To remove the wheel cylinder, disconnect the brake line fitting 


and remove the mounting bolts (arrows) 


wheel cylinder body (see illustration). 

8 Clean the wheel cylinder with brake fluid 
or brake system cleaner. Warning: Do not, 
under any circumstances, use petroleum- 
based solvents to clean brake parts! 

9 Use compressed air, if available, to 
remove excess fluid from the wheel cylinder 
and to blow out the passages. 

10 Check the cylinder bore for corrosion 
and score marks. Crocus cloth can be used 
to remove light corrosion and stains, but the 
cylinder must be replaced with a new one if 
the defects cannot be removed easily, or if the 
bore is scored. 

11 Lubricate the new cups with clean brake 
fluid. 

12 Assemble the wheel cylinder compo- 
nents. Make sure the cup lips face in. 


Installation 

13 Place the wheel cylinder in position and 
install the mounting bolts. 

14 Connect the brake line and tighten the 
fitting. Install the brake shoe assembly. 

15 Bleed the brakes (see Section 12). 

16 Check the brake operation before driving 
the vehicle in traffic. 


„*% 
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9 Master cylinder - removal, 
overhaul and installation 


Removal 

Warning: /f the vehicle is equipped with the 
four-wheel Anti-lock Brake System (4WABS), 
make sure you plug the brake line immediately 
after disconnecting it from the master cylinder, 
to prevent air from entering the HCU. 

Note: On most models, access to the master 
cylinder is better with the coolant recovery 
tank out of the way (see Chapter 3). 

1 Push the brake pedal down several times 
to expel the vacuum from the brake booster. 

2 Place newspapers under the master cyl- 
inder to catch the brake fluid that will spill out. 
Remove the brake lines from the primary and 
secondary outlet ports of the master cylinder. 
Note: Use a flare-nut wrench, if available, to 
prevent rounding off the fittings. Plug the ends 
of the lines to prevent the entry of dirt and 
moisture. 

3 Disconnect the electrical connector from 
the fluid level sensor, if equipped. On models 
with cruise control, disconnect the cruise con- 
trol deactivator switch connector at the master 
cylinder. 


8.7 Exploded 
view of a typical 
wheel cylinder 
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4 Remove the nuts which secure the mas- 
ter cylinder to the brake booster. 

5 Remove the master cylinder from the 
vehicle. Caution: Brake fluid will damage 
painted surfaces, so don't spill any on the 
vehicle. 


Overhaul 

Refer to illustrations 9.6, 9.8, 9.9, 9.10 

and 9.11 

Note: Before deciding to overhaul the master 
cylinder, check on the availability and cost of 
a new or factory-rebuilt unit and also the avail- 
ability of a rebuild kit. 

6 Clean the exterior of the master cylinder 
and dry it with a lint-free rag. Remove the res- 
ervoir cap and pour out any remaining brake 
fluid (see illustration). 

7 Place the master cylinder in a vise with 
the vise jaws clamping on the mounting flange. 
8 Use a large Phillips screwdriver to 
depress the piston assembly, then remove the 
snap-ring from the retaining groove at the rear 
of the master cylinder (see illustration). 

9 Remove the primary piston assembly 
from the cylinder bore (see illustration). 
Inspect the seal for damage. 

10 Remove the secondary piston assembly 
from the cylinder bore. It may be necessary to 
remove the master cylinder from the vise and 
invert it, carefully tapping it against a block of 
soft wood to expel the piston (see illustra- 


wn as 


9.9 Remove the primary piston assembly 
from the cylinder 
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9.6 After you’ve disassembled 
the master cylinder assembly, 
wash all the parts in clean 
brake fluid, blow them off with 
compressed air, and lay them 
out for inspection: 


Reservoir 


1 

2 Snap-ring 

3 Primary piston/spring 
assembly 
Secondary piston/spring 
assembly 
Reservoir grommets 
Master cylinder 


tion). Inspect the seal for damage. 

11 If fluid has been leaking past the reser- 
voir grommets, carefully pry the reservoir from 
the body with a screwdriver (see illustration). 
Remove the grommets and discard them. 

12 Inspect the surfaces of the cylinder bore 
and pistons for corrosion, wear and damage. 
If these are evident, replace the complete 
master cylinder assembly. Do not hone the 
master cylinder bore. 

13 If these main components are in good 
condition, then the original assembly is worth 
overhauling. 

14 |f the rubber seals are swollen or very 
loose on the pistons, suspect oil contamina- 
tion in the system. Oil will swell these rubber 
seals and if one is found to be swollen it is 
reasonable to assume that all seals in the 
brake system need attention. 

15 Purchase a repair kit which contains all 
the necessary seals and other replaceable 
parts. Some repair kits will contain a complete 
primary piston assembly. 

16 Wash all the internal components in 
clean brake fluid or brake system cleaner. Do 
not use any other type of fluid. Mineral spirits 
or solvent must never be allowed to come in 
contact with hydraulic cylinder components. 
17 Lubricate the new reservoir grommets 
with brake fluid and press them into the mas- 
ter cylinder body. Make sure they are properly 
seated. 


9.10 Tap the master cylinder against a 
block of soft wood to eject the secondary 
piston assembly 


9.8 Use a Phillips head screwdriver to 
push the primary piston into the cylinder, 
then remove the snap-ring 


18 Inspect the reservoir cap and reservoir 
for cracks or damage and replace if neces- 
sary. 

19 Lay the reservoir on a hard surface and 
press the master cylinder body into the reser- 
voir, using a rocking motion. 

20 Lubricate the cylinder bore with clean 
brake fluid. 

21 Пір the secondary piston assembly into 
clean brake fluid and push the piston into the 
cylinder, so the spring will seat against the 
closed end of the cylinder. Ease the seals into 
the bore taking care that they do not roll over. 
22 Reinstall the master cylinder in a vise so 
that the open end of the cylinder is facing up. 
Dip the primary piston assembly into clean 
brake fluid and then push the piston, spring 
end first, into the master cylinder. 

23 Depress the piston and install the retain- 
ing snap-ring. Make sure it is seated correctly 
in the bore groove. 


Installation 


24 Installation is the reverse of removal with 
the following additions: 


a) Note: Whenever the master cylinder is 


ry | Keer 


9.11 If you remove the reservoir (to 
replace leaking seals or a broken 
reservoir), gently pry it off with a 

screwdriver or prybar 
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10.7 Working in the passenger 
compartment, disconnect the brake light 
switch and booster pushrod (arrows) 


removed, the entire hydraulic system 
must be bled. The time required to bleed 
the system can be reduced if the master 
cylinder is filled with fluid and bench bled 
(see below) before the master cylinder is 
installed on the vehicle. 

b) Insert threaded plugs of the correct size 
into the cylinder outlet holes and fill the 
reservoirs with fresh brake fluid. The 
master cylinder should be supported in 
such a manner that the brake fluid will 
not spill during the bench bleeding pro- 
cedure. 

c) Loosen one plug at a time, starting with 
the rear outlet port first, and use a large 
Phillips screwdriver to push the piston 
assembly into the bore to force air from 
the master cylinder. To prevent air from 
being drawn back into the cylinder, the 
appropriate plug must be tightened 
before allowing the piston to return to its 
original position. 

d) Stroke the piston three or four times for 
each outlet to ensure that all air has 
been expelled. 

e) Since high pressure is not involved in the 
bench bleeding procedure, an alternative 
to the removal and installation of the plug 
with each stroke of the piston is available. 
Before pushing in on the piston assem- 
bly, remove one of the plugs completely. 
Before releasing the piston, however, 
instead of installing the plug, simply place 
your finger tightly over the hole to keep 
air from being drawn into the master cyl- 
inder. Wait several seconds for the brake 
fluid to be drawn from the reservoir to the 
piston bore, then repeat the procedure. 
When you push down on the piston it will 
force your finger off the hole, allowing air 
inside to be expelled. When only brake 
fluid is being ejected from the hole, install 
the plug and go to the other port. 

f) Refill the master cylinder reservoirs and 
install the diaphragm and cap. On 2001 
and later models, reinstall the master 
cylinder with NEW mounting nuts only. 

g) Bleed the brake system as outlined in 


10.11 Check the master cylinder-to- 
booster pushrod clearance 


Section 12 and test the brakes carefully 
before driving the vehicle in traffic. 

h) Install new master cylinder mounting 
nuts. The old nuts are not re-usable. 


10 Power brake booster - removal 
and installation 


1 The power brake booster unit requires 
no special maintenance apart from periodic 
inspection of the vacuum hose and the case. 
2 Dismantling of the power unit requires 
special tools and is not ordinarily done by the 
home mechanic. If a problem develops, install 
a new or factory rebuilt unit. 


Removal 

Refer to illustration 10.7 

Warning: Wait until the engine is completely 
cool before beginning this procedure. 

3 Detach the coolant hoses, remove the 
coolant reservoir mounting bolts and lift the 
coolant reservoir from the engine compart- 
ment. 

4 Remove the nuts attaching the mas- 
ter cylinder to the booster and carefully pull 
the master cylinder forward until it clears the 
mounting studs. Don't bend or kink the brake 
lines. On most models, the coolant recovery 
tank must be removed to remove the brake 
booster (see Chapter 3). 

5 Loosen the clamp and disconnect the 
vacuum hose where it attaches to the check 
valve on the power brake booster. Remove 
the check valve from the booster. 

6 From the passenger compartment, dis- 
connect the electrical connector from the 
brake light switch. 

7 From the passenger compartment, dis- 
connect the retaining pin, then slide the brake 
light switch, booster pushrod, spacers and 
bushings off the brake pedal arm (see illus- 
tration). 

8 Remove the nuts securing the booster to 
the firewall. 

9 Working in the engine compartment, lift 
the booster unit away from the firewall and out 
of the vehicle. 


Installation 

Refer to illustration 10.11 

10 Install the booster unit in the reverse 
order of removal. 

11 Before installing the master cylinder 
to the booster, check the distance from the 
end of the booster pushrod to the face of the 
booster assembly, with a force of approxi- 
mately five pounds applied to the end of the 
pushrod (see illustration). Turn the pushrod 
adjusting screw in or out as required to obtain 
the correct length of 0.995-inches. 

12 When adjustment is complete, reinstall 
the master cylinder and check for proper 
operation before driving the vehicle in traffic. 


11 Brake hoses and lines - 
inspection and replacement 


1 Brake hoses and lines should be 
inspected when recommended in the mainte- 
nance schedule and whenever the vehicle is 
raised. See Chapter 1 for inspection intervals 
and procedures. 


Replacement 


Front brake hose 

2 Using a back-up wrench, disconnect the 
brake line from the hose fitting. 

3 Use a pair of pliers to remove the U-clip 
from the female fitting at the bracket, then 
detach the hose from the bracket. 

4  Unscrew the inlet fitting bolt from the 
caliper. Discard the sealing washers. 

5 To install the hose, place a new sealing 
washer on each side of the hose fitting, install 
the inlet fitting bolt and tighten it securely. 

6 Without twisting the hose, install the 
female fitting in the frame bracket. 

7 Install the U-clip retaining the female fit- 
ting to the frame bracket. 

8 Using a back-up wrench, attach the 
brake line to the hose fitting. 

9 When the brake hose installation is com- 
plete, there should be no kinks in the hose. 
Make sure the hose doesn't contact any part 
of the suspension. Check this by turning the 
wheels to the extreme left and right positions. 
If the hose makes contact, remove it and cor- 
rect the installation as necessary. Bleed the 
system (see Section 12). 


Rear brake hose 

10 Using a back-up wrench, disconnect the 
hose at the frame bracket, being careful not to 
bend the bracket or steel lines. 

11 Remove the U-clip with a pair of pli- 
ers and separate the female fitting from the 
bracket. 

12 Disconnect the two hydraulic lines at the 
junction block, then unbolt and remove the 
hose. 

13 Bolt the junction block to the axle hous- 
ing and connect the lines, tightening them 
securely. Without twisting the hose, install the 
female end of the hose in the frame bracket. 
14 Install the U-clips retaining the female 
end to the bracket. 
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15 Using a back-up wrench, attach the steel 
line fittings to the female fittings. Again, be 
careful not to bend the bracket or steel line. 
16 Make sure the hose installation did not 
loosen the frame bracket. Tighten the bracket 
if necessary. 

17 Fill the master cylinder reservoir and 
bleed the system (see Section 12). 


Metal brake lines 

18 When replacing brake lines be sure to use 
the correct parts. Don't use copper tubing for 
any brake system components. Purchase steel 
brake lines from a dealer or auto parts store. 
19 Prefabricated brake line, with the tube 
ends already flared and fittings installed, is 
available in standard lengths at auto parts 
stores and dealers. These lines are not bent 
to the proper shapes. Remove the damaged 
section of brake line and using the proper tub- 
ing bending tools, form the replacement sec- 
tion to match the original exactly. 

20 When installing the new line make sure 
its securely supported in the brackets and 
has plenty of clearance from moving or hot 
components. 

21 After installation, check the master суі- 
inder fluid level and add fluid as necessary. 
Bleed the brake system (see Section 12) and 
test the brakes carefully before driving the 
vehicle in traffic. 


12 Brake hydraulic system - 
bleeding 


Refer to illustrations 12.7 and 12.10 


Warning 1: The following procedure is a 
manual bleeding procedure. This is the only 
bleeding procedure which can be performed 
at home without special tools. However, if air 
has found its way into the hydraulic control 
unit, the entire system must be bled manually, 
then with a special scan tool, then manually a 
second time. If the brake pedal feels “spongy” 
even after bleeding the brakes, or the ABS 
light on the instrument panel does not go off, 
or if you have any doubts whatsoever about 
the effectiveness of the brake system, have 
the vehicle towed to a dealer service depart- 
ment or other repair shop equipped with the 
necessary tools for bleeding the system. 
Warning 2: Wear eye protection when bleed- 
ing the brake system. If the fluid comes in 
contact with your eyes, immediately rinse 
them with water and seek medical attention. 
Note: Bleeding the hydraulic system is neces- 
sary to remove any air that finds its way into the 
system when it's been opened during removal 
and installation of a hydraulic component. 

1 It wili be necessary to bleed the complete 
system if air has entered the system due to 
low fluid level, or if the brake lines have been 
disconnected at the master cylinder. 

2 Ifa brake line was disconnected only at 
a wheel, then only that caliper or wheel cylin- 
der must be bled. 

3 If a brake line is disconnected at a fitting 
located between the master cylinder and any 
of the brakes, that part of the system served 
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12.7 Have an assistant depress the brake 
pedal and hold it down, then loosen the 
fitting nut, allowing air and fluid to escape; 
repeat this procedure on both fittings until 
the fluid is clear of air bubbles 


by the disconnected line must be bled. The 
following procedure describes bleeding the 
entire system, however. 

4 Remove any residual vacuum from the 
brake power booster by applying the brake 
several times with the engine off. 

5 Remove the cap from the master cylin- 
der reservoir and fill the reservoir with brake 
fluid. Reinstall the cap(s). Note: Check the 
fluid level often during the bleeding opera- 
tion and add fluid as necessary to prevent the 
fluid level from falling low enough to allow air 
bubbles into the master cylinder. 

6 Have an assistant on hand, as well as 
a supply of new brake fluid, a clear container 
partially filled with clean brake fluid, a length of 
clear tubing to fit over the bleeder valve and a 
wrench to open and close the bleeder valve. 

7 | Begin the bleeding process by bleeding 
the master cylinder (see illustration). 

8 Оп models with four-wheel ABS, bleed 
the lines where they enter the ABS HCU using 
the same technique. 

9 Moving to the right rear wheel, loosen 
the bleeder valve slightly, then tighten it to a 
point where it is snug but can still be loosened 
quickly and easily. 

10 Place one end of the hose over the 
bleeder valve and submerge the other end in 
brake fluid in the container (see illustration). 
11 Have the assistant push the brake pedal 
slowly to the floor, then hold the pedal firmly 
depressed. 

12 While the pedal is held depressed, open 
the bleeder valve just enough to allow a flow 
of fluid to leave the valve. Watch for air bub- 
bles to exit the submerged end of the tube. 
When the fluid flow slows after a couple of 
seconds, close the valve and have your assis- 
tant release the pedal. 

13 Repeat Steps 11 and 12 until no more 
air is seen leaving the tube, then tighten the 
bleeder valve and proceed to the left rear 
wheel, the right front wheel and the left front 
wheel, in that order, and perform the same 
procedure. Be sure to check the fluid in the 
master cylinder reservoir frequently. 


12.10 When bleeding the brakes, a 
hose is connected to the bleed screw at 
the caliper or wheel cylinder and then 
submerged in brake fluid - air will be seen 
as bubbles in the tube and container (all 
air must be expelled before moving to the 
next wheel) 


14 Never use old brake fluid. It contains 
moisture which can boil, rendering the brakes 
inoperative. 

15 Refill the master cylinder with fluid at the 
end of the operation. 

16 Check the operation of the brakes. Тһе 
pedal should feel solid when depressed, with 
no sponginess. If necessary, repeat the entire 
process. Warning: /f, after bleeding the sys- 
tem you do not have a firm brake pedal, or if 
the ABS light on the instrument panel does not 
go off, or if you have any doubts whatsoever 
about the effectiveness of the brake system, 
have it towed to a dealer service department or 
other repair shop equipped with the necessary 
scan tool for bleeding the ABS HCU. 


13 Brake pedal - removal and 
installation 


1  Disconnect the cable from the negative 
battery terminal. 

2 Disconnect the electrical connector 
from the brake light switch (see illustra- 
tion 10.7). Where applicable, on later models 
remove the fasteners at the pedal assembly 
and set the under-dash fuse-relay panel aside. 
3 Disconnect the self-locking ріп and 
spacer connecting the brake pedal assembly, 
brake light switch assembly and master cylin- 
der pushrod together. 

4 Remove the brake light switch, bushing 
and master cylinder push rod from the pin on 
the brake pedal. 

5 Remove the nut from the long bolt. 

6 Slide the long bolt out far enough to remove 
the brake pedal, bushing and spring washer. 

7 Remove the master cylinder push rod 
spacer from the brake pedal. 

8 Installation is the reverse of removal. 

9 Clean, inspect and lubricate the brake 
pedal bolt bushing with engine oil prior to 
installation. 
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1 General information 


Refer to illustrations 1.1a, 1.1b and 1.5 

The front suspension on the Econo- 
line models covered in this manual is a 
twin 1-реат type, which is composed of coil 
springs, І-Беат axle arms, radius arms, upper 


1.1a Front suspension and 


Spring and shock absorber 
Stabilizer bar 

Tie-rod 

Drag link 


and lower balljoints and spindles, tie-rods, 
shock absorbers and an optional stabilizer bar 
(see illustrations). 

The front suspension consists of two 
independent axle arm assemblies. One end 
of the assembly is anchored to the frame and 
the other is supported by the coil spring and 


С Re ж 


5 Front wheel spindle (steering knuckle) 
6  Tie-rod end 
7  Pitman arm 
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radius arm. The spindle is connected to the 
axle by upper and lower balljoints. The ball- 
joints are constructed of a lubricated-for-life 
special bearing material. Lubrication points 
are found on the tie-rods and steering linkage. 
Movement of the spindles is controlled by the 
tie-rods and the steering linkage. 


steering components (early model E-150 shown) 


8 Stabilizer bar link 
9 l-beam 
10 Radius arm 


1.1b Front suspension and steering components (late model E-250 shown) 


8  Stabilizer bar link 
9 |1-реат 
10 Radius arm 


Spring and shock absorber 
Stabilizer bar 

Tie-rod 

Drag link 


5 Front wheel spindle (steering knuckle) 
6  Tie-rod end 
7  Pitman arm 
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1 Rear shock absorber 
2 Shock absorber lower mounting 
bracket 


Two adjustments can be performed on 
the axle assembly. Camber is adjusted by 
removing and replacing an adapter between 
the upper balljoint stud and the spindle. Toe-in 
adjustment is accomplished on both models 
by turning the tie-rod adjusting sleeve. 

The hydraulic shock absorbers are of 
the direct, double acting type that are pres- 
surized by low pressure gas. Both shock 
absorbers are of the telescoping design and 
come equipped with rubber grommets at the 
mounting points for quiet operation. The low 
pressure gas shock absorbers are sealed and 
charged with nitrogen gas to reduce shock 
absorber fade and improve ride. The shock 
absorbers are non-adjustable. The shock 
absorbers are not rebuildable and must be 
replaced as complete assemblies. 

The rear suspension uses shock absorb- 
ers and semi-elliptical leaf springs (see illus- 
tration). The forward end of each spring is 
attached to the bracket on the side of the frame 
side rail, The rear of each spring is shackled 
to a bracket on the side of the frame rail. The 
rear shock absorbers are direct, double acting 
units. 

Since most procedures that are dealt with 


1.5 Rear suspension components 


3 Axle housing 
4 Leaf springs 


in this chapter involve jacking up the vehicle 
and working underneath it, a good pair of jack- 
stands will be needed. A hydraulic floor jack is 
the preferred type of jack to lift the vehicle, and 
it can also be used to support certain compo- 
nents during various operations. Warning: 
Never, under any circumstances, rely on a jack 
to support the vehicle while working under it. 
Warning: The manufacturer states that when- 
ever any of the suspension or steering fasten- 
ers are loosened or removed they must be 
replaced with new ones - discard the originals 
and don't re-use them. They must be replaced 
with new ones of the same part number or of 
original equipment quality and design. Torque 
specifications must be followed for proper 
reassembly and component retention. 


2 Front shock absorbers - 
inspection, removal and 
installation 


Inspection 


1 The common test of shock damping is 
simply to bounce the corners of the vehicle 
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5 Spring U-bolts 


several times and observe whether or not the 
vehicle stops bouncing once you let go. A slight 
rebound and settling indicates good damping, 
but if the vehicle continues to bounce several 
times, the shock absorbers must be replaced. 
2 Ifthe shock absorbers stand up to the 
bounce test, visually inspect the shock body 
for signs of fluid leakage, punctures or deep 
dents in the metal of the body. Replace any 
shock absorber which is leaking or damaged, 
even if it passed the bounce test in Step 1. 

3 After removing the shock absorber, pull 
the piston rod out and push it back in several 
times to check for smooth operation through- 
out the travel of the piston rod. Replace the 
shock absorber if it gives any signs of hard or 
soft spots in the piston rod travel. 

4  Priorto installing the new shock absorb- 
ers, pump the piston rod fully in and out sev- 
eral times to lubricate the seals and fill the 
hydraulic sections of the unit. 


Removal and installation 
Refer to illustrations 2.7 and 2.8 


Caution: The low pressure gas shock absorb- 
ers are pressurized to 135 PSI with nitrogen 
gas. Do not attempt to open, puncture or 
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apply heat to the shock absorbers. 

5 Loosen the front wheel lug nuts on the 
side to be dismantled. Raise the front of the 
vehicle, support it securely on jackstands, 
block the rear wheels and set the parking 
brake. Remove the front wheel. 

6 The shock absorbers are mounted next 
to the coil springs. 

7 . Support the outer end of the axle with 
a floor jack. Remove the top nut with a deep 
socket while holding the shaft with an open 
end wrench (see illustration). Lift off the 
insulator. 

8 Remove the nut securing the shock 
absorber to the radius arm (see illustra- 
tion). 

9 To remove the shock absorber, slightly 
compress the shock and remove it from its 
brackets. 

10 Installation is the reverse of the removal 
steps with the following additions: 

a) Install and tighten the new nuts and 
bolts to the torque listed in this Chapter's 
Specifications. 

b) Install the wheel and lug nuts, lower the 
vehicle and tighten the lug nuts to the 
torque listed in Chapter 1. 


3 Front wheel spindle - removal 
and installation 


Removal 

1 Remove the front wheel and brake disc 
(see Chapter 9). 

2 Remove the brake dust shield. 

3 Remove the cotter pin and nut and dis- 
connect the tie-rod end from the spindle. 

4 Remove the cotter pin from the lower 
balljoint stud nut, then remove the nut. 

5 Remove the clamp bolt from the upper 
balljoint. 

6 Mark the exact orientation of the cam- 
ber adjuster to the spindle. Pry the camber 
adjuster from the spindle. If necessary, use a 
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2.7 Hold the shock absorber shaft while turning 
the top nut (arrows) 


two-jaw puller to remove the camber adjuster. 
7 Зігіке the lower yoke of the axle to break 
the spindle loose from the balljoint studs. 
Caution: Don't use a fork-type separator to 
detach the balljoint. This will damage the bal- 
ljoint seal. 

8 Remove the spindle together with the 
balljoints. 


Installation 

9 Before installation, check that the upper 
and lower balljoint seals were not damaged 
during spindle removal and that they are posi- 
tioned correctly. Replace if necessary. 

10 Position the spindle and bailjoints in the 
axle arm. 

11 Install the camber adjuster on the upper 
balljoint, making sure it's aligned correctly. 

12 Tighten the lower balljoint nut to the 
torque listed in this Chapter's Specifications, 
then tighten further until the cotter pin hole 
lines up. Install a new cotter pin and bend it to 
secure the nut. 

13 Install the clamp bolt on the upper ball- 
joint and tighten it to the torque listed in this 
Chapter's Specifications. 

14 Install the dust shield. 

15 Install the brake disc and the front wheel 
(see Chapter 1). 

16 Have the front end alignment checked by 
a dealer service department or an alignment 
shop. 


4  Balljoints - removal and 
installation 


Removal 

1 Remove the spindle (see Section 3). 

2 Remove the snap-ring from the lower 
balljoint. Note: Remove the lower balljoint 
first. 

3 Using a C-frame type balljoint press 
and the appropriate size receiving cup on 
the lower balljoint, press the balljoint out of 
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2.8 The shock absorber lower mount is attached 
to the radius arm (arrow) 


the spindle. Note: /f the C-frame assembly 
too! and receiver о! аге not available or 
will not remove the balljoint, take the spindle 
assembly to a dealer service department or 
machine shop and have the balljoints pressed 
out. Warning: Don't heat the spindle or ball- 
joint to aid in removal since the temper may 
be removed from the components, leading to 
premature failure. 

4 Use the same tool setup used in Step З 
on the upper balljoint and press the balljoint 
out. 


Installation 

5 Install the upper balljoint with the 
C-frame assembly, balijoint receiver сир 
and installation cup. Note: Always install the 
upper balljoint first since the special tool must 
pass through the lower balljoint receptacle in 
the axle. However, on 2004 and later models, 
the manufacturer recommends installing the 
lower balljoint first. 

6 Turn the screw in the C-frame clockwise 
and press the balljoint into the axle until it is 
completely seated. 

7 Install the lower balljoint with the C-frame 
assembly, balljoint receiver cup and installa- 
tion cup. 

8 Тип the screw in the C-frame clockwise 
and press the balljoint into the axle until it is 
completely seated. 

9 Install the lower balljoint snap-ring. 

10 The remainder of installation is the 
reverse of removal. 


5 Coil spring - removal and 
installation 


Refer to illustrations 5.2, 5.5 and 5.6 


Removal 

1  Loosen the front wheel lug nuts on the 
side to be dismantled. Raise the front of the 
vehicle, support it securely by jackstands 
placed on the frame rails, block the rear 
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5.2 With the vehicle supported оп 
jackstands, use a floor jack to raise and 
lower the front axles 


wheels and set the parking brake. Remove 
the front wheel. 

2 Place a floor jack under the axle to be 
worked on (see illustration). On 2001 and 
later models, remove the stabilizer bar (see 
Section 11). 

3 On models through 2004, remove the 
bolt and nut securing the shock absorber to 
the radius arm (see illustration 2.8). 

4 Remove the brake caliper assembly and 
suspend it with a length of wire to relieve any 
strain on the brake hose (see Chapter 9). 

5  Atthe upper end of the spring, remove 
the retainer bolt and retainer securing the 
spring to the frame (see illustration). 

6 Оп early models, loosen the radius arm- 
to-axle nut at least four full turns to allow the 
spring cup to pivot a little. On later models, 
just remove the bolt and tab securing the 
upper end of the spring, then lower the axle 
and remove the spring. 

7 On 2005 and later models, spray the 
lower end of the spring with a light lubricant 
and rotate the spring counterclockwise a half- 
turn, then remove the spring by tilting it away 
from the chassis. 

8 Тір the lower retainer and lift the spring 
up and over the lower retainer and bolt. If nec- 
essary, use a prybar. Remove the spring. 


Installation 

9 Make sure the lower retainer and insula- 
tor are in place on the front axie and radius 
arm. 

10 Push the front axle down to allow instal- 
lation of the spring. Install the lower end of the 
spring into the spring retainer and orient the 
insulator's "D" shape into the spring's bottom 
Coil. 

11 Apply slight pressure on the floor jack 
and slowly raise the front axle and orient the 
spring's upper coil into the front spring tower 
helix in the frame. Raise the front axle until 
the spring is correctly seated both at the top 
and bottom. 

12 (install the upper spring retainer and bolt. 
Tighten the bolt to the torque listed in this 
Chapter's Specifications. 


5.5 Remove the retainer bolt and retainer 
securing the spring to the frame (arrow) 


13 Tighten the radius arm-to axle retaining 
bolt and nut to the torque listed in this Chap- 
ter's Specifications. 

14 Install the brake caliper assembly (see 
Chapter 9). 

15 Install the bolt and new nut securing the 
shock absorber to the radius arm. Tighten the 
nut to the torque listed in this Chapter's Spec- 
ifications. 

16 Install the wheel and lug nuts, lower the 
vehicle and tighten the lug nuts to the torque 
listed in Chapter 1. 


6 Radius arm - removal and 
installation 


Refer to illustrations 6.3 and 6.4 


Removal 


1 Remove the coil spring (see Section 5). 
2 On early models, disconnect the stabi- 
lizer bar links. On later models, remove the 
stabilizer bar from the axle (see Section 11). 
3 Remove the bolt, spring insulator, 
retainer and nut securing the radius arm to 
the front axle (see illustration). 


6.3 Remove the nut and bolt securing the 
radius arm to the front axle (arrow) 
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5.6 Loosen the retaining nut at the other 
end of this bolt at least four full turns - 
push the bolt up so the lower retainer is 


free to tip to one side 


4 From the rear side of the radius arm 
bracket, remove the nut, washer and bolt (see 
illustration). 

5 Remove the radius arm and remove the 
spacer, insulator and retainer from the radius 
arm threaded end. 


Installation 

6 Install the front end of the radius arm 
onto the front axle. 

7 From above the axle, install the radius 
arm-to-axle bolt, retainer, insulator and a new 
nut. Tighten the nut only finger tight at this 
time. 

8 Install the retainer, insulator and spacer 
onto the threaded end of the radius arm. 

9 Install the radius arm into the rear 
bracket and install the insulator, washer and 
new nut. Tighten the nut to the torque listed in 
this Chapter’s Specifications. 

10 Tighten the radius arm-to-axle bolt and 
nut to the torque listed in this Chapter’s Spec- 
ifications. 

11 On models so equipped, install the 
through bolt securing the stabilizer bar to 
the front axle. Tighten the bolt and nut to the 


6.4 From the rear side of the radius arm 
bracket, remove the nut, washer and 
insulator (arrow) 
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————— ғ Жа — “a 
11.2 Unscrew the nut from the stabilizer 
bar link 
1 Link 2  Stabilizer bar 


torque listed in this Chapter's Specifications. 
12 Install the coil spring assembly (see Sec- 
tion 5). 


7 Radius arm insulators - 
replacement 


Remove the coil spring (see Section 5). 

Loosen the axle arm pivot bolt. 

Remove the shock absorber upper nut 

and compress the shock. 

4 From the rear side of the radius arm 

bracket, remove the nut, washer and insulator 

(see illustration 6.4). 

5 Raise the front axle arm with a floor jack 

until the radius arm is level. 

6 Push the radius arm forward until it is 

free of the radius arm frame bracket. 

7 Remove the radius arm spacer, insula- 

tor and retainer from the radius arm threaded 

end. 

8 Installation is the reverse of the removal 

steps with the following additions: 

a) install new insulators and a new nut. 

b) Tighten the bolts and nut to the torque 
listed in this Chapter's Specifications. 
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8 Front axle arm - removal and 
installation 


Removal 

1 Raise the front of the vehicle, support it 
securely on jackstands, block the rear wheels 
and set the parking brake. Position the front 
wheels in the straight ahead position. 

2 Remove the coil spring (see Section 5) 
and front spindle (see Section 3). 

3 Remove the front stabilizer bar (see Sec- 
tion 11). 

4 Remove the radius arm-to-axle nut, bolt 
and spring seat (see Section 6). 

5 Remove the bolt and nut securing the 


11.3 Unscrew the stabilizer bar bracket 
bolts, then remove the stabilizer bar 


axle arm to the frame pivot bracket. Remove 
the axle arm. 


Installation 

6 install the axle arm to the frame pivot 
bracket with a new retaining bolt and nut. 
Tighten the nut finger-tight. 

7 install the front axle arm onto the radius 
arm. Install the radius arm-to-axle bolt, nut 
and spring seat, leaving the nut loose. 

8 Install the front spindle (see Section 3) 
and the coil spring (see Section 5). 

9  Tighten the radius arm-to-axle bolt to the 
torque listed in this Chapter's Specifications. 
10 Install the front stabilizer bar (see Sec- 
tion 11). 

11 Install the wheel and lug nuts. Lower 
the vehicle and tighten the lug nuts to torque 
listed in the Chapter 1 Specifications. 

12 Tighten the axle arm pivot bolt to the 
torque listed in this Chapter's Specifications. 
13 Have the front end alignment checked by 
a dealer service department or an alignment 
shop. 


9 Axle pivot bushing - removal and 
installation 


Removal 

1 Raise the front of the vehicle, support it 
securely on jackstands, block the rear wheels 
and set the parking brake. Position the front 
wheels in the straight ahead position. 

2 Remove іһе front spring (see Section 5). 
3 Remove the retaining bolt and nut, then 
pull the pivot end of the axle down until the 
bushing is exposed. 

4 Install the forcing screw, bushing 
remover and receiver cup or equivalent bush- 
ing removal tools onto the bushing. Position 
the spacer between the walls of the axle, then 
turn the forcing screw and press the bushing 
out of the axle. 
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Installation 

5 Insert the bushing in the axle receptacle. 
Install the receiver cup, forcing tool and bush- 
ing replacer onto the axle. Turn the forcing 
Screw and press the bushing into the axle. 

6 The new bushing must be flared to pre- 
vent movement within the axle. Install the 
forcing screw, receiving cup and flaring tool, 
or equivalent. Turn the forcing screw and flare 
the lip of the bushing. 

7 The remainder of installation is the 
reverse of the removal Steps. 


10 Axle pivot bracket (right-side 
only) - removal and installation 


Removal 

1  Loosen the front wheel lug nuts on the 
side to be dismantled. Raise the front of the 
vehicle, support it securely on jackstands, 
block the rear wheels and set the parking 
brake. Remove the front wheel. 

2 Remove the coil spring (see Section 5). 
Remove the axle pivot nut and bolt, pull the 
axle down and out of the bracket. 

3 Remove the bolts and nuts securing the 
right-side axle pivot bracket to the frame and 
remove the bracket from the frame cross- 


‚ member. 


Installation 

4 Position the front axle bracket onto the 
frame crossmember. install the new bolts 
from within the frame crossmember and out 
through the bracket, then install the new 
nuts. After all of the bolts and nuts have been 
installed, tighten them to the torque listed in 
this Chapter's Specifications. 

5 The remainder of installation is the 
reverse of the removal Steps. 


11 Front stabilizer bar - removal and 
installation 


Refer to illustrations 11.2 and 11.3 

1 Raise the front of the vehicle, support it 
securely on jackstands, block the rear wheels 
and set the parking brake. Position the front 
wheels in the straight ahead position. 

2 On early models, detach the stabilizer 
bar from its links (see illustration). On later 
models, the stabilizer bar ends fit into holes in 
the axles, without links. 

3 Remove the stabilizer bar retaining 
brackets and bushings, then remove the bar 
(see illustration). 

4 If necessary, use a forcing screw and 
receiver cup to remove and install the axle 
arm bushings. 

5 Installation is the reverse of the removal 
steps. Tighten the bolts and nuts to the torque 
listed in this Chapter's Specifications. 
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12.3 Remove the shock absorber lower 
mounting nut and bolt 


12 Rear shock absorbers - 
inspection, removal and 
installation 


Refer to illustrations 12.3 and 12.4 


Inspection 
1 Refer to Section 2 for inspection proce- 
dures, 


Removal and installation 

2 Raise the rear of the vehicle, support it 
securely on jackstands and block the front 
wheels. Place a floor jack under the axle adja- 
cent to shock absorber being removed. Apply 
just enough jack pressure to take the load off 
the shock absorber. 

3 Remove the nut and bolt securing the 
lower end of the shock absorber to the rear 
axle (see illustration). 

4 Remove the nut and insulator securing 
the top of the shock absorber to the upper 
mounting bracket on the frame (see illustra- 
tion). 

5 Installation is the reverse of the removal 
steps. Tighten the nuts and bolts to the torque 
listed in this Chapter's Specifications. 
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12.4 Unscrew the upper mounting nut, 
then remove the shock absorber 


13 Rear leaf spring - removal and 
installation 


Refer to illustrations 13.4 and 13.5 


Removal 

1 Raise the rear of the vehicle until the 
weight is off the rear springs but the tires are 
still touching the ground. 

2 Support the vehicle securely on jack- 
stands and support the rear axle with a jack. 
DO NOT get under a vehicle that's sup- 
ported only by a jack, even if the tires are still 
installed. 

3 Remove the nut and boit securing the 
lower end of the shock absorber to the spring 
plate. Compress the shock up and out of the 
way. 

4 Remove the nuts from the U-bolts and 
remove the U-bolts and the spring plate from 
the spring (see illustration). 

5 Remove the bolts and nuts securing the 
shackle assembly at the rear of the spring 
(see illustration). Let the spring pivot down 
and rest on the floor. 

6 Remove the spring hanger bolt, nut and 
retainer at the front of the spring. Remove the 
spring. 

7 Inspect {һе spring eye bushings for wear 
or distortion. If worn or damaged have them 
replaced by a dealer service department or 
properly equipped shop. 


Installation 

8 Place the spring іп the rear shackle. 
Install the bolt and nut and tighten them fin- 
ger-tight. 

9 Install the spring in the front bracket. 
Tighten the boit and nut finger-tight. 

10 Position the rear shackle on the frame. 
Install the bolt and nut and tighten them fin- 
ger-tight. 

11 Position the axle under the spring and 
install the spring seat. Make sure the spring 
tie-bolt is positioned in the hole in the spring, 
then install the U-bolts and nuts. Tighten the 
nuts finger-tight. 

12 Lower the vehicle to the ground so its 
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13.4 Remove the four U-bolt nuts 


weight is resting on the tires. Tighten the 
spring bracket bolt and nut, shackle bolts and 
nuts and U-bolt nuts to the torque listed in this 
Chapter's Specifications. 


14 Steering system - general 
information 


The steering system consists of a Pitman 
arm, drag link, steering connecting link and 
tie-rods. The Pitman arm transfers the steer- 
ing gear movements through the drag link and 
steering connecting link to the tie-rods at each 
end. The tie-rods move the knuckle (or spin- 
dle) and front wheels to the desired steering 
movement. The tie-rods are equipped with an 
adjusting sleeve for setting the toe-in. 

All models are equipped with steer- 
ing gear that consists of a belt-driven pump 
and associated lines and hoses. The 
power steering pump reservoir fluid level 
should be checked periodically (see Chap- 
ter 1). 

The steering wheel operates the steer- 
ing shaft, which actuates the steering gear 
through universal joints and the intermedi- 
ate shaft. Looseness in the steering can be 
caused by wear in the steering shaft universal 
joints, the steering gear, the tie-rod ends and 
loose retaining bolts. 


15 Steering wheel and clockspring 
- removal and installation 


Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Chapter 12). 

Warning: On models equipped with a driver's 
side airbag, put the wheels in the straight- 
ahead position and lock the steering column. 
The steering column must NOT be rotated 
while the steering wheel is removed. 
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15.2a Remove the access plugs from the 
steering column cover 
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15.24. 
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.. and disconnect the airbag 
electrical connector 


Steering wheel removal 

Refer to illustrations 15.2a, 15.2b, 15.2с, 
15.2d, 15.4, 15.5a and 15.5b 

1 Disconnect the cable from the negative 
terminal of the battery, then the positive termi- 
nal of the battery. 

2 Оп models without a driver's side air- 
bag, simply pull the horn pad straight off. On 
models equipped with a driver's side airbag, 
lock the steering wheel in the straight-ahead 
position and remove the airbag module 
retaining bolts or nuts (see illustrations), lift 
the module off the steering wheel and unplug 
the module electrical connector (see illustra- 
tions). Set the module aside in a safe, iso- 
lated area, with the airbag side of the module 
facing UP. Warning: When carrying the air- 
bag module, keep the driver's (trim) side of 
it away from your body, and when you set it 
down, make sure the driver's side is facing 
up. 

3  Unplug the electrical connector for the 
horn and the cruise control, if equipped. 

4 Remove the steering wheel retaining 
bolt. There should already be an alignment 
mark on the upper edge of the steering shaft 
and another mark on the steering wheel hub 


15.2b Remove the airbag mounting 
bolts or nuts 


15.4 There should be factory alignment 
marks on the steering wheel and column; 
if not, make your own (arrows) 


(see illustration). If not, then mark the rela- 
tionship of the steering shaft to the hub (if 
marks don't already exist or don't line up) 
to simplify installation and ensure correct 
steering wheel alignment. Warning: Discard 
the hub bolt. Use a new one during installa- 
tion. 

5 Use a puller to detach the steering wheel 
from the shaft (see illustrations). Don't use 
an impact puller and don't pound on the steer- 
ing wheel or shaft. Route the contact assem- 
bly wire harness through the steering wheel 
as the wheel is lifted off the shaft. 

6 If equipped with cruise control, make 
sure the slip ring grease is not contami- 
nated. Check the slip ring contacts for wear 
or damage and make sure they are properly 
seated. 


Clockspring removal 

Refer to illustrations 15.11, 15.12 and 15.14 
7 If equipped with tilt steering, remove the 
tilt whee! handle and shank by twisting the 
assembly counterclockwise. 

8 Remove the lower steering column 
shroud mounting screws and remove the 
shroud from the steering column. 
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15.2с Pull the airbag module 
straight out... 


15.5a On 1996 and earlier models, remove 
the steering wheel with the puller like the 
one shown here - DO NOT pound on the 
wheel to remove it 
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15.5b Оп 1997 and later models, remove 
the steering wheel with a two-jaw puller 


9 Remove the ignition switch lock cylinder 
(see Chapter 12). 

10 Remove the upper steering column 
shroud by lifting up. 

11 Stabilize the service lock on the clock- 
spring by installing a piece of tape across the 


15.11 Install a piece of tape to secure the 
service lock 


airbag clockspring (see illustration). Note: 
The airbag contact has a service lock that 
prevents accidental rotation of the clockspring 
while it is off the steering column. 

12 Remove the key-in-the-ignition warning 
switch (see illustration). 

13 Disconnect the sliding contact connector 
from the bracket. 

14 Pry the retaining clips out (see illustra- 
tion) from the clockspring. 

15 Separate the wire from the two retaining 
clips wrapped against the steering column. 

16 Remove the clockspring from the steer- 
ing column. 


Installation 

17 install the clockspring onto the steer- 
ing column and make sure the electrical har- 
ness connector is positioned at 3 o'clock. 
Note: /f the clockspring service lock has been 
released accidentally, rotate the airbag sliding 
contact rotor counterclockwise until it reaches 
its stop. Rotate the assembly from this posi- 
tion 2-1/4 turns clockwise. 

18 Press the retaining clips back in to 
secure the clockspring. 

19 Secure the harness wiring into the clips 
and install the electrical connectors. 

20 The remaining steps are the reverse of 
the removal. 

21 To install the wheel, align the mark on 
the steering wheel hub with the mark on the 
shaft and slip the wheel onto the shaft. Install 
a new bolt and tighten it to the torque listed in 
this Chapter's Specifications. 

22 Plugin the horn connector and the cruise 
control connector, if equipped. 

23 Оп models with a driver's side airbag, 
connect the airbag electrical connector and 
install the airbag module. Tighten the fasten- 
ers to the torque listed in this Chapter's Spec- 
ifications. 

24 On models without a driver's side airbag, 
simply push the horn pad straight on to install 
it on the wheel. 

25 First connect the positive cable, then the 
negative battery cable. 
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15.12 Remove the set screw from the Кеу- 
in-the-ignition warning switch 


16 Drag link - removal and 
installation 


Refer to illustration 16.3 


Removal 

1 Raise the front of the vehicle, support it 
securely on jackstands, block the rear wheels 
and set the parking brake. Position the front 
wheels in the straight ahead position. 

2 Remove the cotter pins and nuts secur- 
ing the drag link to the steering connecting 
arm and to the Pitman arm. 

3 Use a Pitman arm puller and detach the 
drag link from the Pitman arm (see illustra- 
tion). 

4 Loosen the clamp bolts on the tie-rod 
adjusting sleeve. 

5  Unscrew the adjusting sleeve. Count and 
record the number of turns it takes to back the 
sleeve off the drag link. 

6 Remove the drag link. 


Installation 

7 Loosely install the drag link bal! stud into 
the Pitman arm. Position the steering con- 
necting arm ball end into the drag link. Make 
sure the front wheels and steering wheel are 
in the straight ahead position. Make sure the 
ball ends are seated in the taper to prevent 


16.3 Use a puller to separate the drag link 
from the Pitman arm 
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15.14 Pry the retaining clips (arrows) out 
to release the clockspring 


them from rotating while tightening the nuts. 

8 install the drag link onto the tie-rod 
adjusting sleeve and turn it the same num- 
ber of turns noted during removal in Step 4. 
Tighten the clamp bolts on the tie-rod adjust- 
ing sleeve to the torque listed in this Chapter's 
Specifications. 

9 Install new nuts on the studs of the Pit- 
man arm and steering connecting arm and 
tighten to the torque listed in this Chapter's 
Specifications. Install new cotter pins and 
bend the ends over completely. 

10 install the wheel and lug nuts. Lower 
the vehicle and tighten the lug nuts to torque 
listed in the Chapter 1 Specifications. 

11 Have the front end alignment checked by 
a dealer service department or an alignment 
shop. 


17 Steering connecting link - 
removal and installation 


Warning: Whenever any of the suspension or 
steering fasteners are loosened or removed 
they must be replaced with new ones - dis- 
card the originals and don't re-use them. They 
must be replaced with new ones of the same 
part number or of original equipment quality 
and design. Torque specifications must be fol- 
lowed for proper reassembly and component 
retention. 


Removal 


1 Raise the front of the vehicle, support it 
securely on jackstands, block the rear wheels 
and set the parking brake. Position the front 
wheels in the straight ahead position. 

2 Remove the cotter pin and nut from the 
ball end of the steering connecting link. 

3 Use a Pitman arm puller and remove the 
ball end from the drag link. 

4 Loosen the clamp bolts оп the tie-rod 
adjusting sleeve. 

5 Unscrew the connecting link from the 
tie-rod adjusting sleeve. Count and record the 
number of turns it takes to remove the con- 
necting link from the tie-rod adjusting sleeve. 
6 Remove the steering connecting link. 
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19.4 Remove the power steering gear 
hoselline fittings from the steering gear 
assembly (arrows) 


Installation 

7 Install the steering connecting link onto 
the tie-rod and turn it the same number of 
turns noted during removal in Step 5. Tighten 
the clamp bolts on the tie-rod adjusting sleeve 
to the torque listed in this Chapter’s Specifica- 
tions. 

8 Install the steering connecting link end 
into the drag link. Make sure the front wheels 
and steering wheel are in the straight ahead 
position. Make sure the ball end is seated in 
the taper to prevent them from rotating while 
tightening the nut. 

9 Install a new nut on the stud and tighten 
to the torque listed in this Chapter's Specifi- 
cations. Install a new cotter pin and bend the 
ends over completely. 

10 Install the wheel and lug nuts. Lower 
the vehicle and tighten the lug nuts to torque 
listed in the Chapter 1 Specifications. 

11 Have the alignment checked by a dealer 
service department or an alignment shop. 


18 Tie-rod ends - removal and 
installation 


Removal 

1  Loosen the front wheel lug nuts on the 
side to be dismantled. Raise the front of the 
vehicle, support it securely on jackstands, 
block the rear wheels and set the parking 
brake. Remove the front wheel. 

2 Remove the cotter pin and loosen the 
nut on the tie-rod end stud. Discard the cotter 
pin. 

3  Disconnect the tie-rod end from the 
steering spindle with a puller. 

4 Loosen the clamp bolts on the tie-rod 
adjusting sleeve. 

5  Unscrew the tie-rod end from the adjust- 
ing sleeve. Count and record the number of 
turns it takes to back the tie-rod end off the 
sleeve. 

6 Remove the tie-rod end. 


19.8 Mark the Pitman arm and the sector 
shaft, then remove the Pitman arm 
with a puller 


Installation 

7 Install the tie-rod onto the steering 
adjusting sleeve and turn it the same number 
of turns noted during removal in Step 5. 

8 Tighten the clamp bolts on the tie-rod 
adjusting sleeve to the torque listed in this 
Chapter's Specifications. Make sure the tie- 
rod is positioned correctly in the same posi- 
tion as when it was removed. 

9 Make sure the front wheels and steering 
wheel are in the straight ahead position and 
install the tie-rod end onto the spindle. Make 
sure the tie-rod stud is seated in the taper to 
prevent it from rotating while tightening the 
nut. 

10 Install a new nut on the stud and tighten 
it to the torque listed in this Chapter's Specifi- 
cations. Install a new cotter pin and bend the 
ends over completely. 

11 (Install the wheel and lug nuts. Lower the 
vehicle and tighten the lug nuts to the torque 
listed in the Chapter 1 Specifications. 

12 Have the front end alignment checked by 
a dealer service department or an alignment 
shop. 


19 Steering gear - removal and 
installation 


Refer to illustrations 19.4, 19.8 and 19.9 
Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Chapter 12). 


Removal 

1  Setthe front wheels to the straight-ahead 
position. 

2 Disconnect the cable from the negative 
battery terminal. 

3 Turn the ignition key to the Run posi- 
tion to unlock the steering wheel. Warning: 
On models equipped with an airbag, make 


19.9 The power steering gear is mounted 
to the frame with three bolts (arrows) 


sure that the steering shaft is not rotated with 
the steering gear removed or damage to the 
airbag contact assembly could occur. One 
method of preventing the steering shaft from 
rotating is to run the seat belt through the 
steering wheel and clip the seat belt buckles 
together. 

4 Place a pan under the steering gear. 
Remove the power steering hoses/lines and 
cap the ends and the ports to prevent exces- 
sive fluid loss and contamination (see illus- 
tration). 

5 Remove the bolt securing the flex cou- 
pling to the steering gear. 

6 Loosen the front wheel lug nuts. Raise 
the front of the vehicle, support it securely on 
jackstands, block the rear wheels and set the 
parking brake. Remove both front wheels. 

7 | Remove the large nut and washer secur- 
ing the Pitman arm to the sector shaft. 

8 Use a Pitman arm puller or an equiva- 
lent puller and remove the Pitman arm from 
the sector shaft (see illustration). Caution: 
Don't hammer on the end of the puller, as the 
steering gear will be damaged. 

9 Loosen all three bolts securing the steer- 
ing gear box to the frame (see illustration). 
Support the steering gear and remove the 
bolts and washers and remove the steering 
gear from the lower steering column shaft. 


Installation 

10 Make sure the steering gear is centered. 
Turn the input shaft to full lock in one direc- 
tion, then count and record the number of 
turns required to rotate it to the opposite full 
lock position. Turn the shaft back through one 
half of the number of turns just counted to 
center the assembly. 

11 Check that the front wheels аге in the 
straight ahead position and that the steering 
wheel spokes are in a horizontal position. 
Reposition if necessary. 

12 Position the flat on the gear input shaft 
so it is facing down. Position the flex coupling 
on the steering gear input shaft, aligning the 
flat with the flat on the input shaft. 
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20.6 A power steering pump pulley 
removal tool is needed to 
remove the power steering pump 
pulley - they're commonly available 
at most auto parts stores 


13 Install ail three bolts securing the steer- 
ing gear box to the frame. Tighten the bolts to 
the torque listed in this Chapter's Specifica- 
tions. 

14 Align the two blocked teeth on the Pitman 
arm with the four missing teeth on the steering 
gear sector shaft and install the Pitman arm. 
Install the washer and nut and tighten the nut 
to the torque listed in this Chapter's Specifica- 
tions. 

15 Install the bolt securing the flex cou- 
pling to the steering gear input shaft. Tighten 
the bolt to the torque listed in this Chapter's 
Specifications. 

16 Install the front wheel(s) and lug nuts. 

17 Lower the vehicle and remove the floor 
jack. Tighten the lug nuts to the torque listed 
in Chapter 1. 

18 Connect the pressure and return lines to 
the steering gear assembly and tighten to the 
torque listed in this Chapter's Specifications. 
19 Turn the ignition key Off and connect the 
negative battery cable. 

20 Fill the fluid reservoir with the specified 
fluid and refer to Section 21 for the power 
steering bleeding procedure. 


20 Power steering pump - removal 
and installation 


Refer to illustrations 20.6 and 20.10 


Removal 

1 Disconnect the cable from the negative 
battery terminal. 

2 Remove the drivebelt from the power 
steering pulley (see Chapter 1). 

3 Raise the vehicle and support it securely 
on jackstands. On models so equipped, 
remove the splash shield from below. 

4 Disconnect the return hose at the pump 
and drain the fluid into a container. 

5 Disconnect the pressure hose from the 
pump. 
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20.10 This tool is used to install the 
power steering pump pulley (arrow) 


6 Remove the drivebelt pulley as follows: 


a) Install a power steering pump pulley 
removal tool onto the pulley (see illustra- 
tion). 

b) Hold the large nut with a wrench and 
rotate the screw nut clockwise pulling 
the pulley from the pump. Caution: Do 
not apply excessive force on the pulley 
shaft as it may damage the internal parts 
of the pump. 


.7 Оп early models, Remove the bolts 


securing the pump to the mounting bracket. 
On later models, the pump is bolted directly to 
the engine without a bracket. 

8 Remove the pump from the mounting 
bracket. 


Installation 

9 Place the pump in the bracket and install 
the mounting bolts. Tighten the bolts to the 
torque listed in this Chapter's Specifications. 
10 Install the pulley onto the pump using 
a special tool (see illustration). Be sure the 
pulley removal groove is toward the front of 
the vehicle and is flush with the end of the 
shaft (within 0.010-inch). 

11 Install the pump drivebeit (see Chap- 
ter 1). 

12 Install the pressure and return hoses to 
the proper fittings on the pump. 

13 Fill the pump reservoir with the specified 
fluid (see Chapter 1) and bleed the system 
(see Section 21). 


21 Power steering system - bleeding 


1 The power steering system must be bled 
whenever a line is disconnected. Bubbles can 
be seen in power steering fluid that has air in 
it and the fluid will often have a tan or milky 
appearance. On later models, low fluid level 
can cause air to mix with the fluid, resulting in 
a noisy pump as well as foaming of the fluid. 
2 Open the hood and check the fluid level 
in the reservoir, adding the specified fluid nec- 
essary to bring it up to the proper level (see 
Chapter 1). 
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22.1 Front wheel alignment details 


A minus B = C (degrees camber) 

D = degrees caster 

E minus F = toe-in (measured in inches) 
G = toe-in (expressed in degrees) 


3 Start the engine and slowly turn the steer-- 
ing wheel several times from left-to-right and 
back again. Do not tum the wheel completely 
from lock-to-lock. Check the fluid level, topping 
it up as necessary until it remains steady and 
no more bubbles are visible. 


22 Wheel alignment - general 
information 


Refer to illustration 22.1 


Note: Since wheel alignment requires special 
equipment and techniques it is beyond the 
scope of this manual. This section is intended 
only to familiarize the reader with the basic 
terms used and procedures followed during a 
typical wheel alignment. 

The three basic checks made when 
aligning a vehicle's front wheels are toe-in, 
caster and camber (see illustration). 

Toe-in is the amount the front wheels 
are angled in relationship to the center line 
of the vehicle. For example, in a vehicle with 
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zero toe-in, the distance measured between 
the front edges of the wheels and the dis- 
tance measured between the rear edges of 
the wheels are the same. In other words, the 
wheels are running parallel with the centerline 
of the vehicle. Toe-in is adjusted by lengthen- 
ing or shortening the tie-rods. Incorrect toe-in 
will cause the tires to wear improperly by 
allowing them to “scrub” against the road sur- 
face. 

Camber and caster are the angles 
at which the wheels and suspension are 
inclined in relation to a vertical centerline. 
Camber is the angle of the wheel in the lat- 
eral, or side-to-side plane, while caster is the 
tilt between the steering axis and the verti- 
cal plane, as viewed from the side. Cam- 
ber angle affects the amount of tire tread 
which contacts the road and compensates 


for changes in suspension geometry as 
the vehicle travels around curves and over 
bumps. Caster angle affects the self-cen- 
tering action of the steering, which governs 
straight-line stability. 

Proper wheel alignment is essential for 
safe steering and even tire wear. Symptoms 
of alignment problems are pulling of the steer- 
ing to one side or the other and uneven tire 
wear. If these symptoms are present, check 
for the following before having the alignment 
adjusted: 


a) Loose steering gear mounting bolts 

b) Damaged or worn steering gear mounts 
c) Wom or damaged wheel bearings 

d) Bent tie-rods 

e) Worn balljoints 

f) Improper tire pressures 

g) Mixing tires of different construction 


Front wheel alignment should be left to 
a dealer service department or an alignment 
shop with the proper equipment and experi- 
enced personnel. 


23 Wheels and tires - general 
information 


Refer to illustration 23.1 

All models covered by this manual аге 
equipped with radial tires (see illustration). 
Use of other size or type of tires may affect 
the ride and handling of the vehicle. Don't 
mix different types of tires, such as radials 
and bias belted tires, on the same vehicle - 
handling may be seriously affected. It's rec- 
ommended that tires be replaced in pairs on 
the same axle, but if only one tire is being 
replaced, be sure it's the same size, structure 
and tread design as the other tire on the same 
axle. 

Because tire pressure has a substantial 
effect on handling and wear, the pressure of 
all tires should be checked at least once a 
month or before any extended trips are taken 
(see Chapter 1). 

Wheels must be replaced if they are 
bent, dented, leak air, have elongated bolt 
holes, are heavily rusted, out of vertical sym- 
metry or if the lug nuts won't stay tight. Wheel 
repairs that use welding or peening are not 
recommended. 

Tire and wheel balance are important 
to the overhaul handling, braking and perfor- 
mance of the vehicle. Unbalanced wheels can 
adversely affect handling and ride character- 
istics as well as tire life. Whenever a tire is 
installed on a wheel, the tire and wheel should 
be balanced by a shop with the proper equip- 
ment and expertise. 
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1 General information 


These models feature a welded body that 
is attached to a separate frame. Certain com- 
ponents are particularly vulnerable to accident 
damage and can be unbolted and repaired 
or replaced. Among these parts are the body 
moldings, front fender, bumpers, hood, doors 
and all glass (except the windshield). 

Only general body maintenance pro- 
cedures and body panel repair procedures 
within the scope of the do-it-yourselfer are 
included in this Chapter. 


2 Body - maintenance 


1 The condition of the vehicle’s body is 
very important, because the resale value 
depends a great deal on it. It's much more dif- 
ficult to repair a damaged body than it is to 
repair mechanical components. The hidden 
areas of the body, such as the fenderwells, 
the frame and the engine compartment, are 
equally important, although they don't require 
as frequent attention as the rest of the body. 
2 Once a year, or every 12,000 miles, it's 
a good idea to have the underside of the body 
steam cleaned. All traces of dirt and oil will be 
removed and the area can then be inspected 
carefully for rust, damaged brake lines, frayed 
electrical wires, damaged cables and other 
problems. The front suspension components 
should be greased after completion of this 
job. 

3  Atthe same time, clean the engine and 
the engine compartment with a steam cleaner 
or water soluble degreaser. Caution: Avoid 
the direct aim of any high-pressure cleaning 
solutions to any of the many electronic com- 
ponents placed in the engine compartment 
and in the frame areas. 


4 Тһе fenderwells should be given close 
attention, since undercoating can peel away 
and stones and dirt thrown up by the tires can 
cause the paint to chip and flake, allowing rust 
to set in. If rust is found, clean down to the 
bare metal and apply an anti-rust paint. 

5 Тһе body should be washed about once 
a week (or when dirty). Wet the vehicle thor- 
oughly to soften the dirt, then wash it down 
with a soft sponge and plenty of clean soapy 
water. If the surplus dirt is not washed off very 
carefully, it can wear down the paint. 

6 Spots of tar or asphalt thrown up from 
the road should be removed with a cloth 
soaked in solvent or kerosene. 

7 Опсе every six months, wax the body 
and chrome trim. Apply wax only after a 
thorough washing of the body and trim. Lon- 
gest-lasting results are obtained when the 
paint is cleaned with a very mild polish, then 
waxed with a quality carnuba wax. If a chrome 
cleaner is used to remove rust from any of 
the vehicle's plated parts, remember that the 
cleaner also removes part of the chrome, so 
use it sparingly. 


3 Vinyl trim - maintenance 


Don't clean vinyl trim with detergents, 
caustic soap or petroleum-based cleaners. 
Plain soap and water works just fine, with a 
soft brush to clean dirt that may be ingrained. 
Wash the vinyl as frequently as the rest of the 
vehicle. 

After cleaning, application of a high-qual- 
ity rubber and vinyl protectant will help prevent 
oxidation and cracks. The protectant can also 
be applied to weather stripping, vacuum lines 
and rubber hoses, which often fail as a result of 
chemical degradation, and to the tires. 


4 Upholstery and carpets - 
maintenance 


1  Everythree months remove the floormats 
and clean the interior of the vehicle (more fre- 
quently if necessary). Use a stiff whisk broom 
to brush the carpeting and loosen dirt and dust, 
then vacuum the upholstery and carpets thor- 
oughly, especially along seams and crevices. 

2 Dirt and stains сап be removed from car- 
peting with basic household or automotive car- 
pet shampoos available in spray cans. Follow 
the directions and vacuum again, then use a 
stiff brush to bring back the "nap" of the carpet. 
3 Most interiors have cloth or vinyl uphol- 
stery, either of which can be cleaned and 
maintained with a number of material-specific 
cleaners or shampoos available in auto sup- 
ply stores. Follow the directions on the product 
for usage, and always spot-test any upholstery 
cleaner on an inconspicuous area (bottom 
edge of a backseat cushion) to ensure that it 
doesn't cause a color shift in the material. 

4 After cleaning, vinyl upholstery should be 
treated with a protectant. Note: Make sure the 
protectant container indicates the product can 
be used on seats - some products may make a 
seat too slippery. Warning: Do not use protec- 
tant on vinyl-covered steering wheels. 

5 Leather upholstery requires special care. 
It should be cleaned regularly with saddle- 
soap or leather cleaner. Never use alcohol, 
gasoline, nail polish remover or thinner to 
clean leather upholstery. 

6 After cleaning, regularly treat leather 
upholstery with a leather conditioner, rubbed 
in with a soft cotton cloth. Never use car wax 
on leather upholstery. 

7 іп areas where the interior of the vehi- 
cle is subject to bright sunlight, cover leather 
seating areas of the seats with a sheet if the 
vehicle is to be left out for any length of time. 


These photos illustrate a method of repairing simple dents. They аге intended to supplement Body repair - minor 


damage in this Chapter and should not be used as the sole instructions for body repair on these vehicles. 


1 If you can't access the backside of the body panel to hammer 

out the dent, pull it out with a slide-hammer-type dent puller. In 

the deepest portion of the dent or along the crease line, drill or 
punch hole(s) at feast one inch apart... 


3 Using coarse-grit sandpaper, remove the paint down to the 
bare metal. Hand sanding works fine, but the disc sander shown 
here makes the job faster. Use finer (about 320-grit) sandpaper to 
feather-edge the paint at least one inch around the dent area 
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5 Following label instructions, mix up a batch of plastic filler and 
hardener. The ratio of filler to hardener is critical, and, if you mix 
it incorrectly, it will either not cure properly or cure too quickly 
(you won't have time to file and sand it into shape) 


жете > — 

2 ...then screw the slide-hammer into the hole and operate it. 

Tap with a hammer near the edge of the dent to help 'pop' the 

metal back to its original shape. When you're finished, the 

dent area should be close to its original contour and about 
1/8-inch below the surface of the surrounding metal 


4 When the paint is removed, touch will probably be more helpful 
than sight for telling if the metal is straight. Hammer down the 
high spots or raise the low spots as necessary. Clean 
the repair area with wax/silicone remover 
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6 Working quickly so the filler doesn’t harden, use а plastic 
applicator to press the body filler firmly into the metal, assuring 
it bonds completely. Work the filler until it matches the original 
contour and is slightly above the surrounding metal 


7 Let the filler harden until you can just dent it with your 


fingernail. Use a body file or Surform tool (shown here) 
to rough-shape the filler 
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9 You shouldn't be able to feel any ridge at the transition from the 
filler to the bare metal or from the bare metal to the old paint. 
As soon as the repair is flat and uniform, remove the dust 
and mask off the adjacent panels or trim pieces 


11 The primer will help reveal imperfections or scratches. Fill 
these with glazing compound. Follow the label instructions 
and sand it with 360 or 400-grit sandpaper until it's smooth. 
Repeat the glazing, sanding and respraying until the 
primer reveals a perfectly smooth surface 
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8 Use coarse-grit sandpaper and a sanding board or block to 
work the filler down until it's smooth and even. Work down to 
finer grits of sandpaper - always using a board or block - 
ending up with 360 or 400 grit 


10 Apply several layers of primer to the area. Don't spray the 
primer on too heavy, so it sags or runs, and make sure each coat 
is dry before you spray on the next one. A professional-type spray 
gun is being used here, but aerosol spray primer is available 
inexpensively from auto parts stores 


12 Finish sand the primer with very fine sandpaper (400 or 600-grit) 
to remove the primer overspray. Clean the area with water and 
allow it to dry. Use a tack rag to remove any dust, then apply 
the finish coat. Don't attempt to rub out or wax the repair area 

until the paint has dried completely (at least two weeks) 
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5 Body repair - minor damage 


See photo sequence 


Repair of minor scratches 

1 If the scratch is superficial and does not 
penetrate to the metal of the body, repair is 
very simple. Lightly rub the scratched area 
with a fine rubbing compound to remove 
loose paint and built-up wax. Rinse the area 
with clean water. 

2 Apply touch-up paint to the scratch, 
using a small brush. Continue to apply thin 
layers of paint until the surface of the paint 
in the scratch is level with the surrounding 
paint. Allow the new paint at least two weeks 
to harden, then blend it into the surround- 
ing paint by rubbing with a very fine rubbing 
compound. Finally, apply a coat of wax to the 
scratch area. 

3 Ifthe scratch has penetrated the paint 
and exposed the metal of the body, causing 
the metal to rust, a different repair technique 
is required. Remove all loose rust from the 
bottom of the scratch with a pocket knife, 
then apply rust inhibiting paint to prevent the 
formation of rust in the future. Using a rub- 
ber or nylon applicator, coat the scratched 
area with glaze-type filler. If required, the filler 
can be mixed with thinner to provide a very 
thin paste, which is ideal for filling narrow 
scratches. Before the glaze filler in the scratch 
hardens, wrap a piece of smooth cotton cloth 
around the tip of a finger. Dip the cloth in thin- 
ner and then quickly wipe it along the surface 
of the scratch. This will ensure that the sur- 
face of the filler is slightly hollow. The scratch 
can now be painted over as described earlier 
in this Section. 


Repair of dents 

Warning: Some models are equipped with 
airbags. Always disconnect the negative bat- 
tery cable, then the positive cable and wait 2 
minutes before working in the vicinity of the 
impact sensors, steering column or instrument 
panel to avoid the possibility of accidental 
deployment of the airbag, which could cause 
personal injury (see Chapter 12). 

4 When repairing dents, the first job is to 
pull or hammer the dent out until the affected 
area is as close as possible to its original 
shape. There is no point in trying to restore 
the original shape completely as the metal 
in the damaged area will have stretched on 
impact and cannot be restored to its original 
contours. It is better to bring the level of the 
dent up to a point about 1/8-inch below the 
level of the surrounding metal. In cases where 
the dent is very shallow, it is not worth trying 
to pull it back out at all. 

5 Ifthe back side of the dent is acces- 
sible, it can be hammered out gently from 
behind using a soft-face hammer. While doing 
this, hold a block of wood firmly against the 
opposite side of the metal to absorb the ham- 
mer blows and prevent the metal from being 
stretched. 
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6 Ifthe dent is in a section of the body 
which has double layers, or some other fac- 
tor makes it inaccessible from behind, a differ- 
ent technique is required. Drill several small 
holes through the metal inside the damaged 
area, particularly in the deeper sections. 
Screw long, self tapping screws into the holes 
just enough for them to get a good grip in the 
metal. Now the dent can be pulled out by pull- 
ing on the protruding heads of the screws with 
locking pliers. 

7 The next stage of repair is the removal 
of the paint from the damaged area and from 
an inch or so of the surrounding metal. This 
is easily done with a wire brush or sanding 
disk in a drill motor, although it can be done 
just as effectively by hand with sandpaper. To 
complete the preparation for filling, score the 
surface of the bare metal with a screwdriver 
or the tang of a file or drill small holes in the 
affected area. This will provide a good grip for 
the filler material. To complete the repair, see 
the Section on filling and painting. 


Repair of rust holes or gashes 
8 Remove all paint from the affected 
area and from an inch or so of the surround- 
ing metal using a sanding disk or wire brush 
mounted in a drill motor. If these are not avail- 
able, a few sheets of sandpaper will do the 
job just as effectively. 

9 With the paint removed, you will be able 
to determine the severity of the corrosion and 
decide whether to replace the whole panel, 
if possible, or repair the affected area. New 
body panels are not as expensive as most 
people think and it is often quicker to install a 
new panel than to repair large areas of rust. 
10 Remove all trim pieces from the affected 
area except those which will act as a guide to 
the original shape of the damaged body, such 
as headlight shells, etc. Using metal snips 
or a hacksaw blade, remove all loose metal 
and any other metal that is badly affected by 
rust. Hammer the edges of the hole in to cre- 
ate a slight depression for the filler material. 
Note: /f replacing the damaged section with a 
ready-made steel patch panel, do not cut the 
damaged area out until you have the replace- 
ment panel and see how much area it covers. 
Metal patch panels are generally welded in. 
11 Wire brush the affected area to remove 
the powdery rust from the.surface of the 
metal. If the back of the rusted area is acces- 
sible, treat it with rust inhibiting paint. 

12 Before filling is done, block the hole in 
some way. This can be done with sheet metal 
riveted or screwed into place, or by stuffing 
the hole with wire mesh. 

13 Опсе the hole is blocked off, the affected 
area can be filled and painted. See the follow- 
ing subsection on filling and painting. 


Filling and painting 

14 Many types of body fillers are available, 
but generally speaking, body repair kits which 
contain filler paste and a tube of resin hard- 
ener are best for this type of repair work. A 
wide, flexible plastic or nylon applicator will be 


necessary for imparting a smooth and con- 
toured finish to the surface of the filler mate- 
rial. Mix up a small amount of filler on a clean 
piece of glass or sheetmetal (use the hardener 
sparingly). Follow the manufacturer's instruc- 
tions on the package, otherwise the filler will 
set incorrectly. 

15 Using the applicator, apply the filler 
paste to the prepared area. Draw the applica- 
tor across the surface of the filler to achieve 
the desired contour and to level the filler sur- 
face. As soon as a contour that approximates 
the original one is achieved, stop working the 
paste. If you continue, the paste will begin to 
stick to the applicator. Continue to add thin 
layers of paste at 20-minute intervals until the 
level of the filler is just above the surrounding 
metal. While waiting for the filler to harden, 
clean your metal or glass mixing board with 
lacquer thinner before the residue hardens. 
16 Once the filler has hardened, the excess 
can be removed with a body file. From then 
on, progressively finer grades of sandpaper 
should be used, starting with a 180-grit paper 
and finishing with 600-grit wet-or-dry paper. 
Always wrap the sandpaper around a flat rub- 
ber or wooden block, otherwise the surface 
of the filler will not be completely flat. Curved 
body areas can be sanded by wrapping the 
sandpaper around a short length of smooth- 
exterior radiator hose. During the sanding of 
the filler surface, the wet-or-dry paper should 
be periodically rinsed in water. This will ensure 
that a very smooth finish is produced in the 
final stage. 

17 At this point, the repair area should be 
surrounded by a ring of bare metal, which in 
turn should be encircled by the finely feath- 
ered edge of good paint. Rinse the repair area 
with clean water until all of the dust produced 
by the sanding operation is gone. 

18 Spray the entire area with a light coat of 
primer. This will reveal any imperfections in 
the surface of the filler. Repair the imperfec- 
tions with fresh filler paste or glaze filler and 
once more smooth the surface with sandpa- 
per. Repeat this spray-and-repair procedure 
until you are satisfied that the surface of the 
filler and the feathered edge of the paint are 
perfect. Rinse the area with clean water and 
allow it to dry completely. 

19 The repair area is now ready for painting. 
Spray painting must be carried out in a warm, 
dry, windless and dust free atmosphere. 
These conditions can be created if you have 
access to a large indoor work area, but if 
you are forced to work in the open, you will 
have to pick the day very carefully. If you are 
working indoors, dousing the floor in the work 
area with water will help settle the dust which 
would otherwise be in the air. If the repair 
area is confined to one body panel, mask off 
the surrounding panels. This will help mini- 
mize the effects of a slight mismatch in paint 
color. Trim pieces such as chrome strips, door 
handles, etc. will also need to be masked off 
or removed. Use masking tape and several 
thicknesses of newspaper for the masking 
operations. 


8.3 Scribe or draw alignment marks 
on the hood (arrow) to ensure proper 
alignment of the hinge on reinstallation 


20 Before spraying, shake the paint can 
thoroughly, then spray a test area until the 
spray painting technique is mastered. Cover 
the repair area with a thick coat of primer. 
The thickness should be built up using sev- 
eral thin layers of primer rather than one thick 
one. Using 600-grit wet-or-dry sandpaper, 
rub down the surface of the primer until it is 
very smooth. While doing this, the work area 
should be thoroughly rinsed with water and 
the wet-or-dry sandpaper periodically rinsed 
as well. Allow the primer to dry before spray- 
ing additional coats. 

21 Spray on the top coat, again building up 
the thickness by using several layers of paint. 
Begin spraying in the center of the repair area 
and then, using a circular motion, work out until 
the whole repair area and about two inches 
of the surrounding original paint is covered. 
Remove all masking material 10 to 15 minutes 
after spraying on the final coat of paint. Allow 
the new paint at least two weeks to harden, 
then use a very fine rubbing compound to 
blend the edges of the new paint into the exist- 
ing paint, Finally, apply a coat of wax. 


6 Body repair - major damage 


1 Major damage must be repaired by an 
auto body shop. These shops have the spe- 
cialized equipment required to do the job 
properly. 

2 Ifthe damage is extensive, the frame 
must be checked for proper alignment or 
the vehicle’s handling characteristics may 
be adversely affected and other components 
may wear at an accelerated rate. 

3 Due to the fact that all of the major body 
components (hood, front fenders, etc.) are 
separate and replaceable units, any seriously 
damaged components should be replaced 
rather than repaired. Sometimes the compo- 
nents can be found іп a wrecking yard that 
specializes in used vehicle components, often 
at a considerable savings over the cost of new 
ап. 
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9.2 Mark the position of the hood latch 
(arrow) to ensure proper alignment of the 
latch on reinstallation 


7 Hinges and locks - maintenance 


Once every 3,000 miles, or every three 
months, the hinges and latch assemblies on 
the hood and side and rear doors should be 
given a few drops of light oil or lock lubricant. 
The door latch strikers should also be lubri- 
cated with a thin coat of grease to reduce 
wear and ensure free movement. Lubricate 
the door locks with spray-on graphite lubri- 
cant. 


8 Hood - removal, installation and 
adjustment 


Refer to illustration 8.3 

Note: The hood is heavy and somewhat awk- 
ward to remove and install - at least two peo- 
ple should perform this procedure. 


Removal and installation 
1 Open the hood and support it in the open 
position with a long piece of wood. 
2 Cover the fenders and cowl with blankets 
or heavy cloths to protect the paint. 
3 Scribe or draw alignment marks around 
the bolt heads or hinge perimeter to ensure 
proper alignment on reinstallation (see illus- 
tration). 
4 Have ап assistant hold onto the hood оп 
one side while you hold the other side. 
5 Remove the hood-to-hinge assembly 
bolts on your side of the hood, then hold your 
side of the hood while your assistant removes 
the hood-to-hinge bolts on the other side. 
6  Liftthe hood off. | 
7 Installation is the reverse of the removal 
steps with the following additions: 

a) Align the hood and hinges using the 

alignment marks made in Step 3. 
b) Be sure to tighten the bolts securely. 


Adjustment 
8 The hood can be adjusted to obtain a 
flush fit between the hood and fenders. 


9.3 The hood latch is secured by 
two bolts 


9 Slightly loosen the hood retaining bolts. 
10 Move the hood from side-to-side or front- 
to-rear until the hood is properly aligned with 
the fenders at the front. Open the hood and 
tighten the bolts securely. 

11 Loosen the bolts securing the hood latch 
assembly. On 2001 and later models, remove 
the pushpin fasteners and the radiator cover 
to access the hood latch. 

12 Move the latch until alignment is correct 
with the hood latch striker. Tighten the latch 
bolt securely. 


9 Hood latch control cable - 
removal and installation 


Refer to illustrations 9.2 and 9.3 


Removal 

1 Open the hood and support it in the open 
position with a long piece of wood. On 2001 
and later models, remove the pushpin fasten- 
ers and the radiator cover to access the hood 
latch. 

2 Scribe or draw alignment marks around 
the hood latch to ensure proper alignment on 
reinstallation (see illustration). 

3 Remove the bolts securing the hood 
latch and remove the latch (see illustration). 
4 Remove the radiator grille and radiator 
air deflector (see Section 24). 

5 Remove the bolt and disconnect the 
cable end from the latch assembly. 

6 Remove the cable clips from the radiator 
support bracket and apron. 

7 | Remove the drivers side cowl side trim 
panel. 

8 Remove the screws that secure the hood 
release handle. 

9 Working in the passenger compartment, 
remove the cable grommet from the firewall, 
then pull the cable through the opening. 


Installation 
10 Installation is the reverse of the removal 
steps with the following additions: 


A 


10.2 Release the four latch handles (two 
shown) and pull the engine cover back 


a) Insert the cable through the grommet 
in the firewall and make sure the grom- 
met is properly seated within the firewall 
hole. 

b) Before closing the hood, operate the 
control cable and make sure the latch 
control operates correctly. 


10 Engine cover - removal and 
installation 


Refer to illustration 10.2 

1 Move both front seats all the way toward 
the rear. On 2001 and later models, remove 
the driver’s knee bolster (panel below the 
steering column). On models so equipped, 
remove the floor console. 

2  Unlatch the four engine cover latches 
(see illustration). 

3 ИК the engine cover up and remove it 
through the passenger front door. 

4 Installation is the reverse of removal. 


11 Front door - removal, installation 
and alignment 


Removal and installation 

Refer to illustrations 11.1 and 11.5 

1 Open the door. Remove the hinge check- 
to-door jamb bolts (see illustration). Leave 
the hinge check attached to the door. 

2 With the door іп the open position, 
place a jack under the door or have an assis- 
tant hold the door while the hinge bolts are 
removed. Note: Place thick padding on top 
of the jack to protect the door's painted fin- 
ish. 

3 On models so equipped, remove the 
door trim panel sufficiently to gain access to 
the electrical connectors, then disconnect the 
electrical connectors to the door wiring har- 
ness. 

4 Scribe or paint lines around the door 
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11.1 Remove the two bolts (arrows) 
securing the hinge check-to-door jamb - 
leave the hinge check attached to the door 


hinges to ensure proper alignment on reinstal- 
lation. 

5 Remove the hinge-to-door bolts (see 
illustration) and carefully lift off the door. 

6 Installation is the reverse of removal. 
Align the door. 


Alignment 

7 Check the alignment of the door all 
around the edge. The door should be evenly 
spaced in the opening and should be flush 
with the body. 

8 Adjust if necessary as follows: 

a) Note how the door is misaligned and 
determine which bolts need to be loos- 
ened to correct it. 

b) Loosen the bolts just enough so the door 
can be moved with a padded prybar. 
Reposition the door as necessary, then 
tighten the bolts securely. 

9 The door lock striker can also be 
adjusted both up-and-down and sideways to 
provide positive engagement with the lock 
mechanism (see Section 16). 

10 Tighten the hinge-to-body bolts securely. 


12 Dual cargo side doors - removal, 
installation and alignment 


Removal and installation 

1 Open the door. Remove the hinge 
check-to-door jamb bolts (see illustra- 
tion 11.1). Leave the hinge check attached to 
the door. 

2 With the front side door in the open posi- 
tion, place a jack under the door or have an 
assistant hold the door while the hinge bolts 
are removed. Note: P/ace thick padding on 
top of the jack to protect the door's painted 
finish. 

3 Scribe or paint lines around the door 
hinges to ensure proper alignment on reinstal- 
lation. 

4 Remove the hinge-to-door bolts and 


11.5 Remove the door hinge-to-door jamb 
bolts (arrows) - leave the hinge attached 
to the door jamb; remove the door 


carefully lift off the door. 

5 Repeat Steps 1 through 4 for the rear 
side door. 

6 Installation is the reverse of the removal 
steps. Align the doors. 


Alignment 

7 Check the alignment of both doors all 
around the edge. The doors should be evenly 
spaced in the opening and should be flush 
with the body. 

8 Adjust if necessary as follows: 


a) Note how the door is mísaligned and 
determine which bolts need to be loos- 
ened to correct it. 

b) Loosen the bolts just enough so the door 
can be moved with a padded pry bar. 
Reposition the door as necessary, then 
tighten the bolts securely. 

9 The door lock striker can also be 
adjusted both up-and-down and sideways to 
provide positive engagement with the lock 
mechanism (see Section 16). 

10 Tighten the hinge-to-body bolts securely. 


13 Sliding side door - removal, 
installation and alignment 


Note: The sliding door is heavy and some- 
what awkward to remove and install - at least 


two people should perform this procedure 
from Step 5 on. 


Removal and installation 


1 Open the door and slide it toward the 
rear a minimal amount. 


2 Remove the upper garnish molding, 


'quarter trim panel and slider door lower latch 


cover. 

3 Remove the body side door lower track 
Stop from the lower body side door track. 

4 Remove іһе center track shield. On 2001 
and later models, remove the scuff plate. 

5 Оп early models, slide the door fully 
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toward the rear. Have an assistant hold the 
door while you tilt the front upper corner in 
until the body side door upper roller is out of 
the upper track. On 2001 and later models, 
slide the door forward all the way and with an 
assistant outside holding the door, push from 
the inside to disengage the lower roller. Tilt the 
door to release the center roller from its track, 
slide the door rearward and tilt it outward to 
disengage the upper roller from its track. 

6 Place a jack under the door. Note: Place 
thick padding on top of the jack to protect the 
door's painted finish. 

7 Lift the body side door lower roller up out 
of its track. 

8 Remove the rear center roller from its 
track and remove the door. 

9 Installation is the reverse of removal. 


Alignment 

10 Check the alignment of the door all 
around the edge. The door should be evenly 
spaced in the opening and flush with the body. 


Front upper alignment 

11 Loosen the two body side door upper 
roller-to-body side door bolts. 

12 Move the body side door upper roller 
in or out to obtain a flush fit with the adja- 
cent body panel at the top edge of the door. 
Tighten the bolt securely. 


Front lower alignment 

13 Support the sliding door so that it cannot 
move up or down while making this in-and-out 
adjustment. 

14 іоовеп the body side door lower roller- 
to-body side door bolts. 

15 Move the side door lower roller forward to 
obtain a snug fit with the adjacent body panel 
and rearward to move it away from the body, 
at the B-pillar post. Tighten the bolt securely. 


Rear, upper and lower edge 
alignment 

16 Open the sliding door - do not slide it 
toward the rear. 

17 Loosen the rear latch striker bolts, then 
move the striker as required to obtain a flush 
fit with the adjacent body panel. Tighten the 
boit securely. 


14.4 Remove the 
hinge-to-door bolts 
(arrows) - leave the 


hinge check attached 
to the door; remove 
the door 


Up and down alignment 

Caution: Тһе sliding door lower roller must 
be horizontal to assure hold-open latch func- 
tion. The door upper roller assembly must not 
be less than 5/64-inch from the bottom flange 
of the body side door upper track. The front 
latch striker must not be used for up or down 
adjustment of the sliding door. Raise and 
lower the lower roller if vertical adjustment is 
required. 

18 Support the door to prevent slippage 
while loosening the door lower roller. 

19 Remove the lower latch cover. 

20 Loosen the three bolts securing the door 
lower roller to the body. 

21 Use a soft-faced hammer and tap the 
lower roller up or down until alignment is cor- 
rect. Tighten the bolts securely. 


14 Dual rear doors - removal, 
installation and alignment 


Removal and installation 

Refer to illustration 14.4 

1 Open the door. Remove the hinge check- 
to-door jamb bolts (see illustration 11.1). 
Leave the hinge check attached to the door. 

2 With the door in the open position, 
place a jack under the door or have an assis- 
tant hoid the door while the hinge bolts are 
removed. Note: Place thick padding on top of 
the jack to protect the door's painted finish. 

3 Scribe or paint lines around the door 
hinges to ensure proper alignment on reinstal- 
lation. 

4 Remove the hinge-to-door jamb bolts 
(see illustration) and carefully lift off the door. 
Leave the hinges attached to the door. 

5 Repeat Steps 1 through 4 for the other 
rear door. 

6 Installation is the reverse of the removal 
steps. Align the doors. 


Alignment 

7 Check the alignment of the doors all 
around the edge. The doors should be evenly 
spaced in the opening and should be flush 
with the body. 


8 Adjust if necessary as follows: 


a) Note how the door is misaligned and 
determine which bolts need to be loos- 
ened to correct it. 

b) Loosen the bolts just enough so the door 
can be moved with a padded pry bar. 
Reposition the door as necessary, then 
tighten the bolts securely. 


9 Тһе door lock striker can also be 
adjusted both up-and-down and sideways to 
provide positive engagement with the lock 
mechanism (see Section 16). 

10 Tighten the hinge-to-body bolts securely. 


15 Door hinge - removal and 
installation 


Refer to illustration 15.4 
Note: /f both hinges are to be replaced, it is 
easier to leave the door in place and replace 
one hinge at a time. 
1 With the door in the open position, place 
a jack under the door or have an assistant 
hold the door while the door hinge bolts are 
removed. Note: /f a jack is used, place thick 
padding on top of the jack to protect the door's 
painted finish. 
2 On front doors so equipped, remove the 
door trim panel sufficiently to gain access to 
the electrical connectors, then disconnect the 
electrical connectors to the door wiring har- 
ness. 
3 Scribe or draw lines around the door 
hinges to ensure proper alignment on reinstal- 
lation. 
4 Remove the hinge-to-door bolts, then 
carefully remove the door. Remove the hinge- 
to-body bolts (see illustration) then remove 
the hinge. 
5 Installation is the reverse of the removal 
steps with the following additions: 

a) Apply a sealant to the hinge before 

installing it onto the body panel. 
b) Adjust the door if necessary. 


15.4 Remove the hinge-to-door bolts 
(arrows), carefully remove the door, then 
remove the hinge-to-body bolts and 
remove the hinge 
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17.1a Remove the inside door handle 
retaining screw (late model shown) 


16 Hinged door latch striker 
- removal, installation and 
adjustment 


Removal and installation 

1 Unscrew the door latch striker latch from 
the door jamb. 

2 Installation is the reverse of removal. 
Adjust if necessary. 


Adjustment 

3 The door latch striker can be adjusted 
vertically and laterally as well as fore-and-aft. 
Note: Don't use the door latch striker to com- 
pensate for door misalignment. 

4 The door latch striker can be shimmed 
to obtain the correct clearance between the 
latch and the striker. Don't use more than one 
shim per door. 

5 To check the clearance between the 
latch jamb and the striker area, spread a layer 
of dark grease on the striker. 

6 Open and close the door several times 
and note the pattern in the grease. 

7 Мохе the door striker assembly laterally 
to provide a flush fit at the door and pillar or at 
the quarter panel. 

8 Securely tighten the door latch striker 
after adjustment is complete. 


17 Door inner and outer handle and 
latch assembly - removal and 
installation 


Front doors 

Refer to illustrations 17.1a, 17.1b, 17.1c 

and 17.7 

1 Remove the door trim panel and water- 
shield (see Section 19). To remove the inner 
door handle, remove the door handle mount- 
ing screw, slide the door handle assembly 
to the rear and release it from the locking 
recesses in the door (see illustrations). 

2 Remove the screws securing the door 
outer handle assembly to the door. 
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17.1b Slide the door handle forward to 
unlock the assembly from the door recess 


3  Disconnect the handle link from the outer 
handle and lock cylinder. 

4  Onmodels so equipped, drill out the rivet 
securing the front door remote control and 
link. 

5 Unsnap the front door latch pushbutton 
rod from the door lock cylinder. 

6  Onmodels so equipped, drill out the rivet 
securing the keyless entry keypad. 

7 Remove the three Torx screws securing 
the latch to the door (see illustration). 

8 Remove the cable clip on the cable from 
the door inner panel. 

9 Remove the latch assembly from the 
access hole in the door. 

10 Installation is the reverse of the removal 
Steps, plus the following additions: 


a) If a new latch is being installed, install 
the rod retaining clips in it. 

b) Attach the control rod and lock cylin- 
der rod to the latch before installing the 
latch. 

c) Tighten the latch screws securely. 

d) If equipped, replace drilled out rivets with 
pop-rivets. 

e) Check operation of the handles and lock 
before installing the watershield and door 
panel. 


Front dual cargo side door 

11 Оп models so equipped, remove the 
door trim panel and watershield (see Sec- 
tion 19). 

12 Remove the screws securing the door 
outer handle assembly to the door. 

13 Disconnect the handle link from the outer 
handle and lock cylinder. 

14 Оп models so equipped, drill out the rivet 
securing the front cargo door remote control 
and link. 

15  Unsnap the front door latch push button 
rod from the door lock cylinder. 

16 On models so equipped, drill out the rivet 
securing the keyless entry keypad. 

17 Remove the three Torx screws securing 
the remote control and latch assembly to the 
door. 

18 Remove the cable clip on the cable from 
the door inner panel. 


17.1c Lift the door cable grommet, rotate 
the cable end and remove the cable 
assembly from the door handle 


17.7 Location of the door latch 
Torx screws 


19 Remove the latch assembly from the 
access hole in the door. 

20 Installation is the reverse of the removal 
steps, plus the following additions: 


a) If a new latch is being installed, install 
the rod retaining clips in it. 

b) Attach the control rod and lock cylin- 
der rod to the latch before installing the 
latch. 

c) Tighten the latch screws securely. 

d) If equipped, replace drilled out rivets with 
pop-rivets. 

е) Check operation of the handles and lock 
before installing the watershield and door 
panel. 


Rear dual cargo side door 

21 On models so equipped, remove the 
door trim panel and watershield (see Sec- 
tion 19). 

22 Push up the lower leg of the keeper and 
slidé the keeper toward the outside of the 
door to disengage the cable. 

23 Push the cable through the handle slot, 
then open up the handle. 

24 Move the inner cable and slide it through 
the slot in the inner side of the handle assem- 
bly. Remove the cable from the handle. 
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25 Pinch the legs of the cable clip together 
and push the clip through the hole in the door 
inner panel. 

26 Remove the two screws securing the 
upper latch, then pull the latch and cable up 
and remove it. 

27 Remove the two screws securing the 
lower latch. 

28 Drill out the rivets securing the door 
remote control assembly. Remove the remote 
control and pull the lower latch and cable up 
and remove it. 

29 Installation is the reverse of the removal 
steps, plus the following additions: 


a) If a new latch is being installed, install 
the rod retaining clips in it. 

b) Attach the control rod and lock cylinder 
rod to the latch before installing the latch. 

с) Tighten the latch screws securely. 

d) If equipped, replace drilled out rivets with 
pop-rivets. 

e) Check operation of the handles and lock 
before installing the watershield and door 
panel. 


Sliding door cable latch 

Caution: This procedure should be entrusted 
to a dealer service department. A spacer 
block and special adjusting tools are required 
for proper removal and installation of the slid- 
ing door latch cable. Any adjustment without 
the use of this spacer is not recommended 
because the rear latch lever could be incor- 
rectly positioned, which could cause a hazard 
during normal operation of the vehicle. 


Right dual rear door 

30 Оп modeis so equipped, remove the 
door trim panel and watershield (see Sec- 
tion 19). 

31 Remove the nuts securing the door inner 
handle assembly to the door. Remove the 
handle. 

32 Remove the four screws securing the door 
outer handle and license plate holder assembly 
to the door. Carefully pull the assembly away 
from the door - remove the double-adhesive 
seal at the bottom of the frame. Disengage the 
rod from the door lock cylinder. Disengage the 


уж” 


19.2 Lift the window regulator switch 
plate using a trim panel tool 


cable from the back door handle and remove 
the door outer handle. 

33 Drill out the rivet securing the door 
remote control assembly. 

34 On models so equipped, drill out the rivet 
Securing the power lock actuator. 

35 Remove the three Torx screws securing 
the remote control and latch assembly to the 
door. 

36 Remove the latch assembly from the 
access hole in the door. 

37 Installation is the reverse of the removal 
steps, plus the following additions: 


a) Make sure the finger of the handle is 
positioned under the remote control lever 
during assembly. 

b) install new double-adhesive seal at the 
bottom of the license plate frame. 

c) Snap the rod into the lock cylinder lever. 

d) Tighten the latch screws securely. 

e) Replace drilled out rivets with pop-rivets. 

f) Check operation of the handles and lock 
before installing the watershield and door 
panel. 


Left dual rear door 
38 This procedure is identical for side door 
pairs and rear door pairs (see Section 12). 


18 Door lock cylinder - removal and 
installation 


1 Raise the window all the way. 

2 On models so equipped, remove the 
door trim panel and watershield (see Sec- 
tion 19). 

3 Disconnect the door latch control-to-cyl- 
inder rod. 

4 Usea pair of pliers and slide the cylinder 
retainer clip away from the lock cylinder and 
door. 

5 Remove the lock cylinder from the door. 
6 Install the lock cylinder into the door 
opening from the outside and push the 
retainer clip into place. Make sure it's seated 
correctly. 

7 Бесоппесі the lock cylinder rod-to-door 
latch control. 


19.4a Remove the door inside handle 
mounting screw 


" 


19.1 Carefully pry the inside mirror trim 
panel from the door (late model shown) 


8 Check for proper lock operation, then 
install the watershield and the door trim panel. 


19 Door trim panel - removal and 
installation 


Front door trim panel 


Hi-series models 

Refer to illustrations 19.1, 19.2, 19.4a, 19.4b, 
19.7 and 19.10 

Caution: Don't try to pry the door trim panel 
loose from the door as the hook retainers will 
break off. 

1 Remove the screw and remove the out- 
side rear view mirror mounting hole cover 
(see illustration). 

2 Remove the screw from the window regu- 
lator switch plate. Lift the window regulator 
switch plate and slide it forward to access the 
switch mounting screws (see illustration). 

3 Remove screws and separate the win- 
dow and door lock switches from the plate. 
On 2001 and later models, remove the large 
plastic armrest/handle bezel panel by pulling 
downward and then sliding it rearward. 

4 Remove the screw from the door inside 
handle cup and remove the cup (see illustra- 
tions). 


19.4b Using a trim panel tool, pry the 
inner trim plate from around the 
door handle 
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19.7 Remove the plastic screw cover plug 
to access the lower door panel screw 


5 Оп the drivers side, on models so 
equipped, disconnect the outside rear view 
mirror electrical connector. 

6  Inthe area where the door inside handle 
cup was located, remove the single screw. 

7 | Remove the screw from inside of the 
lower trim panel (see illustration). 

8 Remove the screw from the door trim 
panel upper front corner. 

9 Lift the door trim panel straight up and 
disengage the clips securing the lower edge 
of the trim panel to the door panel. Remove 
the trim panel. 

10 |f necessary, carefully peel the water- 
shield from the door. Be careful not to tear it 
(see illustration). 

11 [Installation is the reverse of removal. 


Lo-series models 

12 Remove the screw and remove the out- 
side rear view mirror mounting hole cover. 

13 Remove the screws and remove the 
door upper trim panel. 

14 Remove the window regulator handle. 
15 Remove the screw and the arm rest. 

16 Use a screwdriver and turn the door trim 
panel retainers counterclockwise until they are 
loose, then remove the retainers from around 
the perimeter of the door trim lower panel. 

17 Lift the door trim panel straight up and 
remove the trim panel. 

18 |f necessary, carefully peel the water- 
shield from the door. Be careful not to tear it. 
19 installation is the reverse of removal. 


Dual-cargo and dual-back 


doors 

20 Remove the door pull handle screw trim 
caps, then remove the screws and remove 
the door pull handle. 

21 Оп Hi-series models, remove the retain- 
ers and remove the door upper trim panel. 

22 Оп Hi-series models, remove the screw 
trim caps and screws around the perimeter of 
the door trim lower panel. 

23 Оп Lo-series models, use a screwdriver 
and turn the door trim panel retainers coun- 
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19.10 Peel back the door plastic 
watershield but do not tear the material 


terclockwise until they are loose, then remove 
the retainers from around the perimeter of the 
door trim lower panel. 

24 Lift the door trim panel straight ир and 
remove the trim panel. 

25 |f necessary, carefully peel the water- 
shield from the door. Be careful not to tear it. 
26 Installation is the reverse of removal. 


Sliding door trim panel 

Caution: Don't try to pry the door trim panel 
loose from the door as the hook retainers will 
break off. 

27 Remove the door pull handle screw trim 
caps, then remove the screws and remove 
the door pull handle. 

28 Оп Hi-series models, remove the flipper 
window latch screws and latches. Push the 
windows out and rest the latch on the outside 
of the door. 

29 Оп Ні-ѕегіеѕ models, remove the retain- 
ers and remove the door upper trim panel. 
Remove the screws at the upper corners of 
the lower trim panel. 

30 Оп Lo-series models, use a screwdriver 
and turn the door trim panel retainers coun- 
terclockwise until they are loose, then remove 
the retainers from around the perimeter of the 
door trim lower panel. 

31 Lift the door trim panel straight up and 
remove the trim panel. 

32 |f necessary, carefully peel the water- 
shield from the door. Be careful not to tear it. 
33 Installation is the reverse of removal. 


20 Front door window glass - 
replacement and adjustment 


Replacement | 
1 Remove the door trim panel and water- 
shield (see Section 19). 

2 On models so equipped, remove the 
door speakers (see Chapter 12). 

3 Raise the window all the way. 

4 Remove the screws and detach the rear 


glass run retainer from the door and take it 
out. 

5 Remove the inside and outside 
belt weather strips from the door. 

6 Lower the window enough to provide 
access to the glass bracket and retention riv- 
ets. Drill-out the rivets. Caution: Do not try 
to pry out the rivets as glass damage may 
оссиг. 

7 И the glass out through the top of the 
door. 

8 Installation is the reverse of removal, 
with the following additions: 


a) Lubricate the regulator rollers, shafts and 
tracks with multi-purpose grease. 

b) Raise and lower the window to check its 
operation before installing the speakers 
(if equipped), watershield and door trim 
panel. 


Adjustment 

9 Lower the glass two-to-three inches from 
the full-up position. 

10 Loosen the three guide assembly nut 
and washer assemblies. 

11 Push the glass toward the rear until it 
bottoms out within the door frame. 

12 Move the window guide post toward the 
rear within the retention slot in the door inner 
panel. Tighten the three guide assembly nuts 
securely. 

13 Raise and lower the window several 
times and check for proper fit. 

14 Install the watershield and door trim 
panel. 


21 Front door window regulator - 
replacement 


Manual 

1 Remove the door trim panel and water- 
shield (see Section 19). 

2 Remove the window glass (see Sec- 
tion 20). 

3 Carefully drill-out the three upper rivets 
that secure the regulator bracket to the inner 
door panel. 

4  Carefully drill-out the two lower rivets 
that secure the regulator lower bracket to the 
inner door panel. 

5 Remove the two nut and washer assem- 
blies that secure the window regulator upper 
bracket. 

6 Remove the window regulator through 
the access hole in the door panel. 

7 installation is the reverse of removal. 
Replace drilled out rivets with pop-rivets. 


Power 


. Referto illustration 21.11 


8 Remove the door trim panel and water- 
shield (see Section 19). 

9 Remove the window glass (see Sec- 
tion 20). 

10 Disconnect the power window electrical 
connector from the regulator control switch. 
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11 Carefully drill-out the rivets that secure 
the regulator drive assembly to the inner 
panel (see illustration). 

12 Remove the motor bracket from the inner 
panel. Rotate it to gain access to the three 
Screws securing the regulator drive motor. 

13 Remove the screws and separate the 
window regulator drive assembly from the 
bracket and cable drum housing. 

14 Separate the window regulator drive 
motor from the power window regulator. 

15 Remove the two upper nuts and care- 
fuily drill-out the two lower rivets securing 
the power window regulator to the inner 
panel. 

16 Remove the power window regulator 
and cable assembly through the access hole 
in the door panel. 

17 Installation is the reverse of the removal 
steps. Replace drilled out rivets with pop-riv- 
ets. 


22 Hinged glass - replacement 


Note: This procedure pertains to removal of 
the glass portion of the hinged window only - 
not the frame. 

1 On the dual rear door, use duct tape and 


21.11 Front door window 
regulator details 


Regulator mounting 


rivets 

Upper regulator bolt 
access holes 

Lower regulator bolt 
access holes 


tape the glass panel to the exterior of the door 
frame. 

2 Remove the interior trim panel, if neces- 
sary (see Section 19). 

3 | Remove the three screws securing the 
latch and latch anchor to the door or inner 
body panel. 

4 Have an assistant hold onto the window 
from outside the vehicle. 

5 Remove the nuts from the top of the 
glass and the two screws from the window 
hinge, then remove the glass assembly from 
the door. 

6 Installation is the reverse of the removal 
steps. To reduce the possibility of wind noise, 
reinstall all hinge components in their original 
locations. 


23 Windshield and fixed glass - 
replacement 


Replacement of the windshield and fixed 
glass requires the use of special fast-setting 
adhesive/caulk materials and some special- 
ized tools and techniques. These operations 
should be left to a dealer service department 
or a shop specializing in automotive glass 
work. 


25.2 Remove the cowl 
panel and set it aside - 
later models are a 
one-piece design 


24 Radiator grille - removal and 
installation 


Warning: Some models are equipped with 
airbags. Always disconnect the negative bat- 
tery cable, then the positive cable and wait 2 
minutes before working in the vicinity of the 
impact sensors, steering column or instrument 
panel to avoid the possibility of accidental 
deployment of the airbag, which could cause 
personal injury (see Chapter 12). 

1 Open the hood. 

2 Remove the two plastic rivets at the 
lower corners of the grille. 

3 On early models, remove the three 
screws at the top of the grille and detach the 
grille from the vehicle. Note: On 1997 and 
later models, firmly grasp the radiator grille on 
the bottom section and pull out to disengage . 
the three lower clips. 

4 installation is the reverse of the removal 
procedure. Be careful not to over tighten the 
Screws. 


25 Cowl panel and vent seal - 
removal and installation 


Refer to illustration 25.2 

1 Remove the windshield wiper arms and 
open the hood. 

2 Loosen the cowl panel vents screws апа 
raise the top panels up and off the seal (see 
illustration). 

3  Unsnap and remove the seal from both 
top panels. 

4 Installation is the reverse of the removal 
procedure. Be careful not to over tighten the 
Screws. 


26 Front fender and apron - removal 
and installation 


Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Chapter 12). 

1 Remove the grille (see Section 24) and 
the headlight trim and housing. 

2 Remove the two side bolts securing the 
end of the radiator grill opening panel to the 
front fender. 

3 Remove the three screws at the lower 
front edge of the fender to the wheel housing. 
4 Remove the screw and shim(s) at the 
rear lower edge of the fender. 

5 Open the front door and remove the 
upper screw and shim(s) from the upper rear 
edge of the fender. On later models, the upper 
and lower mounting screws at the rear of the 
fender are accessed through the door open- 
ing. 

6 Remove the two screws securing the 
fender to the radiator support. 
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7 | Remove the three screws and shim(s) 
securing the top edge of the front fender to 
the radiator support. 

8  Carefully detach the fender from the 
vehicle. 

9 Installation is the reverse of the removal 
procedure. Don't tighten any of the bolts until 
they are all installed. Note: /nstall the same 
number of shims during installation. 


27 Front bumper and cover - 
removal and installation 


Front bumper 

Note: The bumper is heavy and somewhat 
awkward to remove and install - at least two 
people should perform this procedure. 

1 Raise the front of the vehicle, support it 
securely on jackstands, block the rear wheels 
and set the parking brake. On models so 
equipped, remove the pushpins and the con- 
denser air deflector panel. 

2 Have ап assistant hold onto the bumper 
assembly, then remove the two nuts on each 
side securing the bumper to the frame. 

3 Remove the bumper and isolators from 
the frame. 

4 Installation is the reverse of the removal 
steps with the following additions: 


a) If you're installing a new bumper, trans- 
fer the license plate holder and any addi- 
tional items to the new bumper. 

b) Be sure to install the isolators between 
the bumper and frame. 

c) The bumper can be adjusted by repo- 
sitioning the fasteners in the brackets. 
Tighten the fastener nuts securely. 


Bumper cover 

5 Remove the front bumper from the vehi- 
cle. 

6  Drill-out the rivets on the bottom of the 
bumper. 

7 | Remove the nut on each side securing 
the front cover to the bumper. 

8 Use a pair of pliers, carefully compress 
the barbs securing the front cover, then care- 
fully remove the cover from the bumper. 

9 Installation is the reverse of the removal 
steps with the following additions: 


a) Locate the center of the cover and mark 
with chalk or a piece of tape. 

b) Locate the center of the bumper and 
mark with chalk or a piece of tape. 
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c) Center the cover on the bumper and 
press the center cover barb into the hole 
in the bumper. 

d) Carefully stretch the cover along the 
bumper and install the barbs into the 
holes in the bumper. If necessary, use 
a rubber mallet to tap the barbs into the 
bumper holes. 

e) Tighten all fasteners securely. 


28 Rear bumper - removal and 
installation 


Note: The bumper is heavy and somewhat 
awkward to remove and install - at least two 
people should perform this procedure. 

1 Have an assistant hold onto the bumper 
assembly and remove the two nuts on each 
side securing the bumper to the frame. 

2 If necessary, remove the stone deflector 
from the body. 

3 Installation is the reverse of the removal 
steps with the following additions: 


a) Loosely install the bumper fasteners, 
then adjust the bumper position so there 
is an even horizontal gap between the 
bumper and body. 

b) Tighten the fasteners securely after 
adjustment. 


29 Seats - removal and installation 


Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Chapter 12). 


Front seats 

1 On models so equipped, disconnect 
the electrical connector for the power seat. 
On later models with airbags, disconnect the 
electrical connectors at the seatbelt pre-ten- 
sioners. 

2 Remove the stud covers, the nuts and 
washers securing the seat assembly to the 
support assembly attached to the floor pan 
and lift the seat from the vehicle. 

3 ІҒ necessary, remove the four bolts 
securing the seat support assembly to the 
floor pan and remove the seat support from 
the vehicle. 


4 Installation is the reverse of the removal 
steps. Tighten the retaining nuts and/or bolts 
securely. 


Rear captain seats 

5 Disconnect the seat belt from the seat 
assembly. 

6 Ри! һе handle on the side of the seat to 
release the seat latch from the floor mounted 
latch striker plate. 

7 Slide the seat toward the passenger side 
of the vehicle and remove it from the vehicle. 
8 Installation is the reverse of the removal 
steps with the following additions: 

a) Insert the four pins in the support 
assembly into the four holes in the floor 
mounted latch striker plate assembly. 

b) Rotate the handle down and in as far as 
it will go to lock the seat in place. 


Rear bench seat (quick 


release) 

9 Remove the detachable safety belts and 
store on rear seat shoulder strap hook. 

10 Move the seat to the full rearward posi- 
tion. 

11 Disengage the seat from the seat back 
latch striker. 

12 Lift the right and left latch rod hook ends 
out of the seat latch strikers. 

13 Remove the seat assembly from the 
vehicle. 

14 Installation is the reverse of the removal 
Steps. 


30 Seat belt check 


1 Check the seat belts, buckles, latch 
plates and guide loops for obvious damage 
and signs of wear. 

2 Check that the seat belt reminder light 
comes on when the ignition key is turned to 
the Run or Start position. 

3 The seat belts are designed to lock up 
during a sudden stop or impact, yet allow 
free movement during normal driving. Check 
that the retractors return the belt against your 
chest while driving and rewind the belt fully 
when the buckle is unlatched. 

4 If any of the above checks reveal prob- 
lems with the seat belt system, replace parts 
as necessary. 
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1 General information 


Warning: To prevent electrical shorts, fires 
and injury, always disconnect the cable from 
the negative terminal of the battery before 
checking, repairing or replacing electrical 
components. 

The electrical system is a 12-volt, nega- 
tive ground type. Power for the lights and all 
electrical accessories is supplied by a lead/ 
acid-type battery that is charged by the alter- 
nator. 

This Chapter covers repair and service 
procedures for the various electrical compo- 
nents not associated with the engine. Infor- 
mation on the battery, alternator, distributor 
and starter motor can be found in Chapter 5. 

It should be noted that when portions of 
the electrical system are serviced, the nega- 
tive cable should be disconnected from the 
battery to prevent electrical shorts and/or 
fires. 


2 Electrical troubleshooting - 
general information 


Refer to illustrations 2.5a, 2.5b, 2.6, 2.9 
and 2.15 

A typical electrical circuit consists of an 
electrical component, any switches, relays, 


motors, fuses, fusible links or circuit breakers 
related to that component and the wiring and 
connectors that link the component to both the 
battery and the chassis. To help you pinpoint 
an electrical circuit problem, wiring diagrams 
are included at the end of this Chapter. 

Before tackling any troublesome elec- 
trical circuit, first study the appropriate wir- 
ing diagrams to get a complete understand- 
ing of what makes up that individual circuit. 
Trouble spots, for instance, can often be nar- 
rowed down by noting if other components 
related to the circuit are operating properly. 
If several components or circuits fail at one 
time, chances are the problem is in a fuse or 
ground connection, because several circuits 
are often routed through the same fuse and 
ground connections. 

Electrical problems usually stem from 
simple causes, such as loose or corroded 
connections, a blown fuse, a melted fusible 
link or a failed relay. Visually inspect the con- 
dition of all fuses, wires and connections in a 
problem circuit before troubleshooting the cir- 
cuit. 

If test equipment and instruments are 
going to be utilized, use the diagrams to plan 
ahead of time where you will make the nec- 
essary connections in order to accurately pin- 
point the trouble spot. 

The basic tools needed for electrical 


troubleshooting include a circuit tester or 
voltmeter (a 12-volt bulb with a set of test 
leads can also be used), a continuity tester, 
which includes a bulb, battery and set of test 
leads, and a jumper wire, preferably with a 
circuit breaker incorporated, which can be 
used to bypass electrical components (see 
illustrations). Before attempting to locate a 
problem with test instruments, use the wiring 
diagram(s) to decide where to make the con- 
nections. 


2.5a The most useful tool for electrical 
troubleshooting is a digital multimeter 
that can check volts, amps, 
and test continuity 
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2.5b А test light is a very handy tool for 
checking voltage 


Voltage checks 

Voltage checks should be performed if 
a circuit is not functioning properly. Connect 
one lead of a circuit tester to either the nega- 
tive battery terminal or a known good ground. 
Connect the other lead to a connector in the 
circuit being tested, preferably nearest to the 
battery or fuse (see illustration). If the bulb 
of the tester lights, voltage is present, which 
means that the part of the circuit between the 
connector and the battery is problem free. 
Continue checking the rest of the circuit in 
the same fashion. When you reach a point at 
which no voltage is present, the problem lies 
between that point and the last test point with 
voltage. Most of the time the problem can be 
traced to a loose connection. Note: Keep in 
mind that some circuits receive voltage only 
when the ignition key is in the Accessory or 
Run position. 


Finding a short 

One method of finding shorts in a cir- 
cuit is to remove the fuse and connect a test 
light or voltmeter in place of the fuse termi- 
nals. There should be no voltage present in 
the circuit. Move the wiring harness from 
side-to-side while watching the test light. If 
the bulb goes on, there is a short to ground 
somewhere in that area, probably where the 
insulation has rubbed through. The same test 
can be performed on each component in the 
circuit, even a switch. 


Ground check 

Perform a ground test to check whether 
a component is properly grounded. Discon- 
nect the battery and connect one lead of 
a continuity tester or multimeter (set to the 
ohms scale), to a known good ground. Con- 
nect the other lead to the wire or ground con- 
nection being tested. If the resistance is low 
(less than 5 ohms), the ground is good. If the 
bulb on a self-powered test light does not go 
on, the ground is not good. 


Continuity check 

A continuity check is done to determine if 
there are any breaks in a circuit - if it is pass- 
ing electricity properly. With the circuit off (no 
power in the circuit), a self-powered continuity 
tester or multimeter can be used to check the 
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2.6 In use, a basic test light's lead is 
clipped to a known good ground, then the 
pointed probe can test connectors, wires 

or electrical sockets - if the bulb lights, 
the part being tested has battery voltage 


circuit. Connect the test leads to both ends of 
the circuit (or to the "power" end and a good 
ground), and if the test light comes on the 
circuit is passing current properly (see illus- 
tration). If the resistance is low (less than 5 
ohms), there is continuity; if the reading is 
10,000 ohms or higher, there is a break some- 
where in the circuit. The same procedure can 
be used to test a switch, by connecting the 
continuity tester to the switch terminals. With 
the switch turned On, the test light should 
come on (or low resistance should be indi- 
cated on a meter). 


Finding an open circuit 

When diagnosing for possible open 
circuits, it is often difficult to locate them by 
sight because the connectors hide oxidation 
or terminal misalignment. Merely wiggling a 
connector on a sensor or in the wiring har- 
ness may correct the open circuit condition. 
Remember this when an open circuit is indi- 
cated when troubleshooting a circuit. Intermit- 
tent problems may also be caused by oxidized 
or loose connections. 

Electrical troubleshooting is simple if 
you keep in mind that all electrical circuits 
are basically electricity running from the bat- 
tery, through the wires, switches, relays, fuses 
and fusible links to each electrical component 
(light bulb, motor, etc.) and to ground, from 
which it is passed back to the battery. Any 
electrical problem is an interruption in the flow 
of electricity to and from the battery. 


Connectors 

Most electrical connections on these 
vehicles are made with multiwire plastic con- 
nectors. The mating halves of many connec- 
tors are secured with locking clips molded 
into the plastic connector shells. The mating 
halves of large connectors, such as some of 
those under the instrument panel, are held 
together by a bolt through the center of the 
connector. 

To separate a connector with locking 
clips, use a small screwdriver to pry the clips 
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2.9 With a multimeter set to the ohms 
scale, resistance can be checked 
across two terminals - when checking 
for continuity, a low reading indicates 
continuity, a high reading indicates 
lack of continuity 


apart carefully, then separate the connec- 
tor halves. Pull only on the shell, never pull 
on the wiring harness as you may damage 
the individual wires and terminals inside the 
connectors. Look at the connector closely 
before trying to separate the halves. Often the 
locking clips are engaged in a way that is not 
immediately clear. Additionally, many connec- 
tors have more than one set of clips. 

Each pair of connector terminals has a 
male half and a female half. When you look at 
the end view of a connector in a diagram, be 
sure to understand whether the view shows 
the harness side or the component side of 
the connector. Connector halves are mirror 
images of each other, and a terminal shown 
on the right side end-view of one half will be 
on the left side end-view of the other half. 

It is often necessary to take circuit voltage 
measurements with a connector connected. 
Whenever possible, carefully insert a small 
straight pin (not your meter probe) into the 
rear of the connector shell to contact the termi- 
nal inside, then clip your meter lead to the pin. 
This kind of connection is called "backprobing" 
(see illustration). When inserting a test probe 
into a terminal, be careful not to distort the 
terminal opening. Doing so can lead to a poor 
connection and corrosion at that terminal later. 
Using the small straight pin instead of a meter 
probe results in less chance of deforming the 
terminal connector. 


3  Fuses and fusible links - general 
information 


Fuses 
Refer to illustrations 3.1a, 3.1b, 3.3a, 3.3b 
and 3.3c 

The electrical circuits of the vehicle are 
protected by a combination of fuses, circuit 
breakers and fusible links. The interior fuse/ 
relay panel is located near the lower section 
of the steering column, while the main fuse- 


Chapter 12 Chassis electrical system 


We. -. 


functioning circuit 


3.1b The interior fu 


relay panel is in the engine compartment (see 
illustrations). 

Each of the fuses is designed to protect 
a specific circuit, and the various circuits are 
identified on the fuse panel itself. 

Several sizes of fuses are employed in 
the fuse blocks. There are small, medium and 


2.15 To backprobe a connector, insert a small, sharp probe 
(such as a straight-pin) into the back of the connector alongside 
the desired wire until it contacts the metal terminal inside; 
connect your meter leads to the probes - this allows you to test a 
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se panel (arrow) is located on the lower 
portion of the steering column - pull оп the tabs and 
remove the panel for access 


large sizes of the same design, all with the 
same blade terminal design. The medium and 
large fuses can be removed with your fingers, 
but the small fuses require the use of pliers or 
the small plastic fuse-puller tool found in most 
fuse boxes (see illustrations). If an electri- 
cal component fails, always check the fuse 


3.1a The power distribution fuse panel is located in the engine 
compartment - to remove the cover, press down on the locking 
tab and lift up on the fuse panel cover 


3.3a A fuse puller and spare fuses are mounted in the 
cover of the interior fuse panel 


first. The best way to check the fuses is with 
a test light. Check for power at the exposed 
terminal tips of each fuse. If power is present 
at one side of the fuse but not the other, the 
fuse is blown. A blown fuse can also be iden- 
tified by visually inspecting it (see illustra- 
tion). 


3.3b All three of these fuses are of 30-amp rating, yet are different 
sizes, at left is a small fuse, the center is a medium, 


and at right is a large - make sure you get the right amperage 
and size when purchasing replacement fuses 


3.3c When a fuse blows, the element between the terminals melts 
- the fuse on the left is blown, the one on the right is good 
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Ве sure to replace blown fuses with the 
correct type. Fuses (of the same physical 
size) of different ratings may be physically 
interchangeable, but only fuses of the proper 
rating should be used. Replacing a fuse with 
one of a higher or lower value than specified 
is not recommended. Each electrical circuit 
needs a specific amount of protection. The 
amperage value of each fuse is molded into 
the top of the fuse body. 

if the replacement fuse immediately 
fails, don’t replace it again until the cause of 
the problem is isolated and corrected. In most 
cases, this will be a short circuit in the wiring 
caused by a broken or deteriorated wire. 


Fusible links 


Some circuits are protected by fusible 
links. The links are used in circuits that are not 
ordinarily fused, such as the alternator circuit. 

The fusible link for the alternator circuit, 
and other circuits, is located on the right side 
of the engine, next to the starter relay and 
battery (1997 and later) or next to the engine 
compartment fuse panel (1992 through 1996). 
The link is a short length of heavy wire that 
can be purchased at a dealer parts depart- 
ment. : 

To replace a fusible link, first disconnect 
the negative battery cable. 

Although the fusible links appear to be a 
heavier gauge than the wires they're protect- 
ing, the appearance is due to the thick insula- 
tion. All fusible links are several wire gauges 
smaller than the wire they're designed to pro- 
tect. Fusible links can't be repaired, but a new 
link of the same size wire can be installed. 
The procedure is as follows: 


a) Cut the damaged fusible link out of the 
wire. 

b) Strip the insulation back approximately 
1-inch. 

c) Spread the strands of the exposed wire 
apart, push them together and twist them 
in place. 

d) Use rosin core solder and solder the 
wires together to obtain a good connec- 
tion. 

e) Use plenty of electrical tape around 
the soldered joínt. No wires should be 
exposed. 

f) Connect the negative battery cable. Test 
the circuit for proper operation. 


4 Circuit breakers - general 
information and check 


Circuit breakers protect certain circuits, 
such as the power windows and power seats. 
Depending on the vehicle's accessories. 

Because the circuit breakers reset auto- 
matically, an electrica! overload in a circuit- 
breaker-protected system will cause the cir- 
cuit to fail momentarily, then come back on. 
If the circuit does not come back on, check it 
immediately. 

For a basic check, pull the circuit breaker 
up out of its socket on the fuse panel, but just 
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Relay with 
internal resistor 


Relay with 
internal diode 
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5.2a Typical ISO relay designs, terminal numbering and circuit connections 


far enough to probe with a voltmeter. The 
breaker should still contact the sockets. 

With the voltmeter negative lead on. a 
good chassis ground, touch each end prong 
of the circuit breaker with the positive meter 
probe. There should be battery voltage at 
each end. if there is battery voltage only at 
one end, the circuit breaker must be replaced 
and/or the circuit repaired. 


5 Relays - general information and 
testing 


General information 

1 Several electrical accessories in the 
vehicle, such as the fuel injection system, 
horns, starter, and fog lamps use relays to 
transmit the electrical signal to the component. 
Relays use a low-current circuit (the control 
circuit) to open and close a high-current cir- 
cuit (the power circuit). If the relay is defec- 
tive, that component will not operate properly. 
Most relays are mounted in the engine com- 
partment and interior fuse/relay boxes (see 
illustrations 3.1a and 3.1b). The electrical 
center located below the left end of the instru- 
ment panel, also contains several relays. If a 
faulty relay is suspected, it can be removed 
and tested using the procedure below or by 
a dealer service department or a repair shop. 
Defective relays must be replaced as a unit. 


Testing 
Refer to illustrations 5.2a and 5.2b 


2 Most of the relays used in these vehi- ` 


cles are of a type often called "ISO" relays, 
which refers to the International Standards 
Organization. The terminals of ISO relays are 
numbered to indicate their usual circuit con- 
nections and functions. There are two basic 
layouts of terminals on the relays used in the 


Control 22 
— 


circuit 


5.2b Most relays are marked on the 
outside to easily identify the control 
circuit and power circuit - this one 
is of the four-terminal type 


covered vehicles (see illustrations). 

3 Refer to the wiring diagram for the circuit 
to determine the proper connections for the 
relay you're testing. If you can't determine the 
correct connection from the wiring diagrams, 
however, you may be able to determine the test 
connections from the information that follows. 

4  Twoofthe terminals are the relay control 
circuit and connect to the relay coil. The other 
relay terminals are the power circuit. When 
the relay is energized, the coil creates a mag- 
netic field that closes the larger contacts of 
the power circuit to provide power to the cir- 
cuit loads. 

5 Terminals 85 and 86 are normally the 
control circuit. If the relay contains a diode, 
terminal 86 must be connected to battery pos- 
itive (B*) voltage and terminal 85 to ground. If 
the relay contains a resistor, terminals 85 and 
86 can be connected in either direction with 
respect to В+ and ground. 

6 Terminal 30 is normally connected to 
the battery voltage (B+) source for the circuit 
loads. Terminal 87 is connected to the ground 
side of the circuit, either directly or through a 
load. If the relay has several alternate termi- 
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ian Wat АЎ 
8.4 Location of the ignition switch 
electrical connector (arrow) 


nals for load or ground connections, they usu- 
ally are numbered 87А, 87B, 87C, and so on. 
7 Мве ап ohmmeter to check continuity 
through the relay control coil. 


a) Connect the meter according to the polar- 
ity shown in the illustration for one check; 
then reverse the ohmmeter leads and 
check continuity in the other direction. 

b) If the relay contains a resistor, resistance 
should be indicated on the meter, and 
should be the same value with the ohm- 
meter in either direction. 

с) If the relay contains a diode, resistance 
should be higher with the ohmmeter in 
the forward polarity direction than with 
the meter leads reversed. 

d) ІНһе ohmmeter shows infinite resistance 
in both directions, replace the relay. 


8 Remove the relay from the vehicle and 
use the ohmmeter to check for continuity 
between the relay power circuit terminals. 
There should be no continuity between termi- 
nal 30 and 87 with the relay de-energized. 

9 Connect a fused jumper wire to terminal 
86 and the positive battery terminal. Connect 
another jumper wire between terminal 85 and 
ground. When the connections are made, the 
relay should click. 

10 With the jumper wires connected, check 
for continuity between the power circuit termi- 
nals. Now, there should be continuity between 
terminals 30 and 87. 

11 If the relay fails any of the above tests, 
replace it. 


6 Multifunction switch - 
replacement 


Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Section 24). 

1 The multifunction switch is mounted on 
the steering column and controls the function 
of the turn signals, hazard warning, headlamp 
dimmer, windshield wiper and windshield 


8.14 Ignition key lock cylinder 
removal details 


A 


washer through the turn signal stalk. 

2 Disconnect the negative battery cable, 
then the positive battery cable. 

3 Remove the key lock cylinder (see Sec- 
tion 8). Remove the screws securing the 
steering column upper and lower shrouds and 
remove the shrouds. 

4 Remove the two electrical connectors 
from the back-side of the multifunction switch. 


Replacement 

5 Remove the screws retaining the multi- 
function switch the steering column assembly. 
6 Installation is the reverse of removal. 


7 Turn signal/hazard flasher relay - 
replacement 


1 Disconnect the negative cable from the 
battery. 

2 Тһе flasher relay is located in the pas- 
senger compartment fuse panel (see illustra- 
tion 3.1b). Remove the fuse panel cover, then 
remove the flasher by pulling straight out. On 
later models, the electronic flasher is located 
outside the fuse/relay panel, to the left of the 
steering column or near the top of the brake 
pedal. 

3 Install the new flasher unit. Be sure to 
line up the metal contacts with the slots in the 
fuse panel. Press the flasher firmly into place, 
then reinstall the fuse panel cover. 


8 Ignition switch and key lock 
cylinder - check and replacement 


Refer to illustrations 8.4 and 8.14 

Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Section 24). 

Note: Late models are equipped with a spe- 
cialized control module named the Smart 
Junction Box (SJB) also referred to as the 
Generic Electronic Module (GEM). Light- 
ing controls, audio controls, ignition key and 


security controls, etc. are all interconnected 
by the CAN network communicator (Control- 
ler Area Network). Each system (lighting, 
alarm system, audio system, etc) is linked to 
the SJB by the CAN network. Have the CAN 
network system diagnosed by a dealer ser- 
vice department or other qualified automotive 
repair facility. 

1 The ignition switch is located on the 
lower section of the steering column and is 
actuated by a rod connected to the key lock 
cylinder. 


Check 


2 Disconnect the negative battery cable, 
then the positive battery cable. 

3 Remove the steering column shrouds and 
lower steering column cover. On later models, 
the key-lock cylinder must be removed before 
the column covers can be removed. 

4 Remove the bolt securing the electri- 
cal connector to the ignition switch, release 
the clips and remove the connector from the 
Switch (see illustration). 

5 . Check the mechanical operation of the 
switch and lock cylinder by rotating the key 
through all of the switch positions. The move- 
ment should feel smooth with no sticking or 
binding. The ignition switch should return from 
the Start position to the Run position without 
assistance (spring return). If sticking or bind- 
ing is encountered, replace the lock cylinder 
assembly. 


Replacement 


Ignition switch 

6 Perform Steps 2 through 4 above. 

7 Place the ignition switch in the Run posi- 
tion. 

8 Remove the ignition switch retaining 
screws and remove the switch from the steer- 
ing column. 

9 Install the switch aligning the switch ріп 
with the slot in the lock/column assembly. Note: 
Both the switch and the ignition key should 
be in the Run position, the slot will align with 
the index mark in the steering column casting 
when positioned correctly. 

10 Install the retaining screws and tighten 
securely. Install the electrical connector. 

11 The remainder of installation is the 
reverse of removal. 


Key lock cylinder 

Note: On late models equipped with the 
Passive Anti-Theft System (PATS), the new 
key lock cylinder must be programmed by a 
dealer service department or other qualified 
repair shop. The vehicle will not start unless 
this procedure is done. For this reason, we 
recommend the home mechanic not attempt 
this repair procedure if the vehicle is equipped 
with the anti-theft device. 

12 Disconnect the negative battery cable, 
then the positive battery cable. 

13 Insert the key in the lock and turn it to 
the Run position. 

14 Insert а 1/8-inch drill bit, or similar tool 
through the hole in the trim shroud directly 
under the lock cylinder (see illustration). 


12-6 


9.7 Remove the clip and separate the 
linkage from the motor drive arm 


1 Clip 2 Drive arm 


Depress the retaining pin while pulling out on 
the lock cylinder housing. 

15 Install the lock cylinder in the opposite 
manner. Make sure the cylinder is completely 
seated and aligned before turning the key to 
Lock position and removing the key. 


9 Windshield wiper motor - 
removal and installation 


Refer to illustration 9.7 

1 Тит the windshield wiper switch ON. 

2 Turn the ignition switch ON and keep 
your hand on the key. When the wiper arms 
move to the straight up position, turn the igni- 
tion switch OFF. 

3  Disconnect the negative battery cable 
from the battery. 

4 Remove the right side wiper arm and 
blade assembly (see Section 10). 

5 Remove the cow! vent and seal at the 
base of the windshield (see Chapter 11). 

6 Use a small screwdriver to unlock the 
electrical connector tabs, then disconnect the 
electrical connector at the windshield wiper 
motor. 

7 Remove the windshield wiper adapter 
and connecting arm clip securing the motor 


10.2a Lift up on the arm, pull on the side 
latch and pull the arm off the spindle 


drive arm to the windshield wiper mounting 
arm and pivot shaft (see illustration). Note: 
On 2001 and later models, remove a small 
panel to the left of the wiper assembly that 
allows access to disconnect the wiper linkage. 
8 Remove the three bolts securing the 
windshield wiper motor to the front cowl. 

9 Installation is the reverse of removal. 
Note: The wiper motor drive arm must be 
approximately 180-degrees from the park 
position during installation, otherwise it will be 
difficult to install the linkage to the motor. 


10 Windshield wiper arm - removal 
and installation 


Refer to illustrations 10.2a and 10.2b 

1 Note: To prevent damage to the wind- 
shield and also to make sure the wipers are 
operating under normal conditions, keep 
the windshield wet during this step. Prior to 
removing the wiper arm, turn the windshield 
wipers switch ON, allow the wipers to travel 
through several cycles, then turn it OFF. This 
will ensure that the wiper arm is in the parked 
position parallel to the base of the windshield. 
2 Swing the wiper arm and blade away 
from the windshield. Slide the latch away from 
the wiper spindle (see illustrations), then pull 
the wiper arm assembly off the spindle. 

3 Installation is the reverse of removal with 
the following additions. 


a) Position the arm back onto the post in the 
parked position. Do not position the arm 
too low as it will hit the base of the wind- 
shield during normal wiper operation. 

b) Make sure the latch is correctly seated in 
the groove in the wiper spindle. 


11 Windshield wiper control module 
- removal and installation 


Note: On most models, the wiper control mod- 
ule is located behind the instrument panel, to 
the right of the steering column. On 2005 and 
later models, it is integrated into the wiper 
motor assembly. 


"i ar 


10.2b Be sure to pull the latch back far 
enough to clear the spindle 
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1 Disconnect the negative battery cable 
from the battery. 

2 Remove the instrument panel lower trim 
panel. 

3  Disconnect the electrical connector from 
the windshield wiper control module. 

4 Remove the screw securing the wind- 
shield wiper control module to the instrument 
panel lower brace. 

5 installation is the reverse of removal. 


12 Windshield washer reservoir and 
pump assembly - removal and 
installation 


Removal 

1  Disconnect the negative battery cable 
from the battery. 

2 Remove the air cleaner intake tube 
assembly (see Chapter 4). 

3 On 1997 and later models, remove the 
battery and the battery tray (see Chapter 5). 

4 Use a smal! screwdriver to unlock the 
electrical connector tabs, then disconnect the 
washer pump electrical connector. 

5 Remove the bolts and nuts securing the 
washer reservoir and pump motor assembly 
to the passenger side fender well. 

6  Liftthe washer reservoir up and discon- 
nect the small hose from the base of the res- 
ervoir. Place your finger over the end of the 
small hose fitting on the reservoir to prevent 
spilling the washer fluid in the engine compart- 
ment. Remove the reservoir assembly. 

7 Drain the washer fluid from the reservoir 
into a clean container. If the fluid is kept clean 
it can be reused. 

8 Use a small screwdriver and carefully 
pry out the pump motor from the reservoir 
receptacle. Do not damage the plastic hous- 
ing during removal. 

9 Remove the one-piece seal/filter and 
inspect for damage or debris. 

10 Flush out the reservoir with clean water 
to remove any residue. Inspect it for any for- 
eign matter. 

11 Inspect the reservoir pump chamber 
prior to installing a used motor into a new res- 
ervoir. Clean it if necessary. 


Installation 


12 Lubricate the inside diameter of the seal/ 
filter with a soapy water solution and insert. 
the seal/filter and windshield washer pump 
assembly into the windshield washer reser- 
voir. Push the assembly in until it seats com- 
pletely. 

13 Install the reservoir onto the fender well 
and secure with the bolts and nuts. 

14 Connect the hose to the fitting to the 
reservoir and refill the reservoir with washer 
fluid. 

15 Connect the electrical connector. Cau- 
tion: Do not operate the pump without fluid 
in the reservoir, as it could be damaged. After 
the reservoir is filled, operate the pump and 
check for leaks. 
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13.6 insert a hooked tool, depress the 
spring in the headlight knob slot and 
remove the knob 


13 Headlight switch - replacement 


Refer to illustrations 13.6, 13.12 and 13.13 
Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Section 24). 

Note: Late models are equipped with a spe- 
cialized control module named the Smart 
Junction Box (SJB) also referred to as the 
Generic Electronic Module (GEM). Light- 
ing controls, audio controls, ignition key and 
security controls, etc. are all interconnected 
by the CAN network communicator (Control- 
ler Area Network). Each system (lighting, 
alarm system, audio system, etc) is linked to 
the SJB by the CAN network. Have the CAN 
network system diagnosed by a dealer ser- 
vice department or other qualified automotive 
repair facility. 

1  Disconnect the negative cable, then the 
positive cable from the battery. Remove the 
engine cover. 


Models through 2004 

2 Pull ош and remove the ash tray recep- 
tacle. 

3 Remove the three screws and remove 
the ash tray retainer. 

4 Remove the snap-in molding on each 
side of the steering column. 

5 Remove the cigar lighter element. 

6 Insert a hooked tool into the headlight 
knob slot and depress the spring, then remove 
the knob from the shaft (see illustration). 

7  Unscrew the switch bezel from the instru- 
ment panel finish panel. 

8 Remove the screws securing the instru- 
ment panel steering column cover and remove 
the cover. 

9 Remove the screws securing the instru- 
ment panel finish panel. Unsnap the retainer 
and pull the finish panel away from the instru- 
ment panel. Disconnect all electrical connec- 
tors and remove the panel. 


13.12 Remove the switch retaining screws 
(arrows) and pull the 
switch partially out 


10 Pull the headlight switch shaft all the way 
out to the full ON position. 

11 Press on the shaft release button. While 
holding the button down, pull the shaft out of 
the switch. 

12 Remove the screws securing the switch 
(see illustration). 

13 Pull the switch part way to gain access 
to the electrical connector, release the locking 
tabs, then disconnect the electrical connector 
from the switch (see illustration). Remove 
the bezel nut and remove the switch from the 
bracket. 

14 Installation is the reverse of removal. 


2005 and later models 

15 Pull the headlight switch out to the Head- 
light ON position. While using a small pin or 
screwdriver to depress the clip in the knob, 
pull the knob from the switch shaft. 

16 The bezel around the switch can be 
unscrewed by hand (counterclockwise). 

17 If equipped, tilt the tilt column to the 
down position, apply the parking brake and 
pull the shift lever to its lowest position. 

18 Refer to Section 17 and remove the 
radio. 

19 Refer to Chapter 11 and remove the 
instrument cluster bezel. 

20 Pull out the instrument panel finish panel 
(which surrounds the cluster and goes all the 
way to the radio) and disconnect any electri- 
cal connectors behind it. 

21 With the finish panel off, the bolts secur- 
ing the switch are exposed. Remove the 
switch and disconnect its electrical connector. 
22 Installation is the reverse of the removal 
procedure. 


14 Headlight bulb - replacement 


Sealed beam headlights 

Refer to illustration 14.4 

1 The headlights on base models are 
replaceable sealed-beam units. The high- 


ЧЕ узу: А 
13.13 Release the locking tabs (arrow) 
and disconnect the electrical connector 


3 а. Данн 4 
14.4 Typical sealed beam headlight 
assembly installation details 


beam and low-beam filaments are contained 
іп the same unit. If one of filaments fail, the 
entire unit must be replaced with a new one. 

2 Ореп the hood. 

3 | Remove the two screws securing the 
headlight trim ring. Pull up on the trim ring and 
release the two lower locating tabs from the 
body. 

4 Remove the four screws retaining the 
headlight retaining ring (see illustration). Be 
careful not to disturb the two headlight adjust- 
ing screws. 

5 Ри! һе headlight out far enough to gain 
access to the electrical connector, then dis- 
connect the connector. 

6 Replace the headlight unit with one of 
the exact same size and type. Attach the 
electrical connector to the prongs on the 
back of the unit. Place the headlight bulb 
into the adjusting ring with the large num- 
ber embossed on the lens at the top. Make 
sure the alignment lugs cast into the unit are 
positioned in the recesses of the headlight 
adjusting ring. 

7 Install the retaining ring and screws, then 
install the headlight trim ring. Be sure to cor- 
rectly position the two lower locating tabs in 
the body. 


14.10 Slightly bend back and lift the two 
black tabs (arrows) while holding onto the 
front of the headlight assembly 


Composite headlight bulbs 


(aerodynamically styled) 

Refer to illustrations 14.10 and 14.13 
Warning: Halogen gas filled bulbs are under 
pressure and may shatter if the surface is 
scratched or the bulb is dropped. Wear eye 
protection and handle the bulbs carefully, 
grasping only the base whenever possible. 
Do not touch the surface of the bulb with your 
fingers because the oil from your skin could 
cause the bulb to overheat and fail prema- 
turely. If you do touch the bulb surface, clean 
it with rubbing alcohol. 

8 Open the hood. 

9 Disconnect the negative cable from the 
battery. 

10 Slightly bend back and lift the two black 
tabs on the radiator support panel securing 
the headlight assembly in place (see illus- 
tration). Hold onto the front of the headlight 
assembly while releasing the tabs. 

11 Carefully pull the headlight assembly 
out far enough to gain access to the electri- 
cal connector, then disconnect the connector 
from the bulb holder. 

12 Rotate the retaining ring about 1/8-turn 
counterclockwise (viewed from the rear) and 
slide it off the base. 

13 Carefully pull the connector straight out 
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16.2 Pull the lamp assembly straight 
out from the body 


from the housing, release the retaining 
clip and pull the connector straight out of 
the socket 


of the socket (see illustration). Do not rotate 
the bulb during removal. 

14 Without touching the glass with bare fin- 
gers, plug the connector into the socket of the 
new bulb. Position the flat on the plastic base 
up. 

15 Align the socket locating tabs with the 
grooves in the forward part of the plastic base, 
then push the socket firmly into the base. 
Make sure the base mounting flange contacts 
the socket. 

16 Slide the retaining ring on. Turn it clock- 
wise until it hits the stop, then connect the 
electrical connector. 

17 Carefully push the headlight assem- 
bly into the radiator support panel while 
aligning the three adjuster screws. Hold it 
in place and push the two black tabs down 
into engagement until you hear them "snap" 
into place. Make sure the headlight assem- 
bly is secured properly, try to pull it forward. 
If it is loose, remove the assembly and rein- 
stall it. 

18 Test the headlight operation, then close 
the hood. 

19 Науе the headlight adjustment checked 
and, if necessary, adjusted by a dealer ser- 
vice department or service station at the earli- 
est opportunity. 


16.3 Remove the socket from the 
lamp assembly... 
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mounting screws (arrows) 


Headlight housing assembly 
replacement (aerodynamically 
styled) 

20 Perform Steps 8 through 13 and Steps 15 


through 18 of this procedure for housing assem- 
bly replacement (see illustration 14.10). 


15 Headlights - adjusting 


Note: Тһе headlights must be aimed correctly. 
If adjusted incorrectly they could momentarily 
blind the driver of an oncoming vehicle and 
cause a serious accident or seriously reduce 
your ability to see the road. The headlights 
should be checked for proper aim every 12 
months and any time a new headlight is 
installed or front end body work is performed. It 
should be emphasized that the following proce- 
dure is only an interim step which will provide 
temporary adjustment until the headlights can 
be adjusted by a properly equipped shop. 
1 Sealed beam type headlights have two 
spring loaded adjusting screws, one on top, 
controlling up-and-down movement and one 
on the side controlling left-and-right move- 
ment. The aerodynamically styled headlights 
utilize one outer angle drive mechanism for 
. ———— = 


777% 


16.4 ... and pull the bulb straight 
out of the socket 
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16.6 Remove the lamp assembly 
mounting screws (arrows) 


left-and-right movement and one inner adjust- 
ing screw for up-and-down movement. 

2 There are several methods of adjusting 
the headlights. The simplest method requires 
a blank wall, masking tape and a level floor. 

3 Position masking tape vertically on the 
wall in reference to the vehicle centerline and 
the centerline of both headlights. 

4 Position a horizontal line in reference to 
the centerline of all headlights. Note: /t may 
be easier to position the tape on the wall with 
the vehicle parked only a few feet away. 

5 Adjustment should be made with the 
vehicle sitting level parked 25 feet from the 
wall, the gas tank half-full and no unusually 
heavy load in the vehicle. 

6 Starting with the low beam adjustment, 
position the high intensity zone so it is two 
inches below the horizontal line and two 
inches to the right of the headlight vertical 
line. Adjustment is made by turning the appro- 
priate adjusting screw (refer to Step 1) to raise 
or lower the beam. The other adjusting screw 
should be used in the same manner to move 
the beam left or right. 

7 . With the high beams on, the high inten- 
sity zone should be vertically centered with 
the exact center just below the horizontal line. 
Note: /t may not be possible to position the 
headlight aim exactly for both high and low 
beams. If a compromise must be made, keep 
in mind that the low beams are the most used 
and have the greatest effect on driver safety. 
8  Havethe headlights adjusted by a dealer 
service department or service station at the 
earliest opportunity. 


16 Bulb replacement 


Note: Late models are equipped with a spe- 
cialized control module named the Smart 
Junction Box (SJB) also referred to as the 
Generic Electronic Module (GEM). Light- 
ing controls, audio controls, ignition key and 
security controls, etc. are all interconnected 
by the CAN network communicator (Control- 
ler Area Network). Each system (lighting, 
alarm system, audio system, etc) is linked to 


counterclockwise and remove the socket 
and bulb from the lens assembly 


the SJB by the CAN network. Have the CAN 
network system diagnosed by a dealer ser- 
vice department or other qualified automotive 
repair facility. 


Parking/turn signal/front side 


marker lamp 

Refer to illustrations 16.1, 16.2, 16.3 and 16.4 
1 Remove the two screws that secure the 
lamp assembly (see illustration). 

2 Puli the assembly straight out to expose 
the bulb socket (see illustration). 

3 Rotate the bulb socket counterclockwise 
and remove the socket from the housing (see 
illustration). Я 

4 Firmly grasp the bulb and pull the bulb 
straight out of the socket (see illustration). 

5 Installation is the reverse of removal. 


Rear combination lights (stop, 
tail, turn and backup) 


Refer to illustration 16.6 


6 Remove the screws securing the rear 
combination lamp assembly (see illustration). 
7 Pull the housing straight out from the 
body. 

8  Rotate the bulb socket counterclockwise 
and remove the socket from the housing (see 
illustration 16.3). 


16.18 Remove the bulb socket from the 
lamp assembly... 


16.16 Remove the lamp assembly screws 


9 Firmly grasp the bulb and pull the bulb 
straight out of the socket (see illustra- 
tion 16.4). 

10 Installation is the reverse of removal. 


License plate bulb 

Refer to illustration 16.13 

11 Remove the two plastic screws securing 
the lens. 

12 Pull the lens down far enough to access 
the socket. 

13 Twist the socket counterclockwise and 
remove it from the lens assembly (see illus- 
tration). 

14 Pull the bulb out of the socket. 

15 Installation is the reverse of removal. 


High mount brake light 


Without cargo lamp attached 

Refer to illustrations 16.16, 16.18 and 16.19 
16 Remove the screws that secure the lamp 
assembly to the body (see illustration). 

17 Lift the lamp assembly off, taking care 
not to damage the paint. 

18 Work the bulb socket out of the lamp 
body (see illustration). 

19 Pull the bulb out of the socket (see illus- 
tration). 

20 installation is the reverse of removal. 


16.19 ... and pull the шір straight out of 
the socket 


16.28 Carefully pull the bulb from 
the terminals 


With cargo lamp attached 

21 Remove the screws that secure the high 
mount/cargo lamp assembly to the body. 

22 Lift the lamp assembly off, taking care 
not to damage the paint. 

23 Remove the two screws and remove the 
cargo lamp lens. 

24 Remove the two screws and remove the 
cargo lamp from the high mount. Move the 
cargo lamp out of the way. 

25 Remove the miniature bulb from the high 
mount socket. 

26 [Installation is the reverse of removal. 


Cargo light 

Refer to illustration 16.28 

27 Remove the screws and cover. 

28 Carefully pull the bulb from the terminals 
(see illustration). 

29 Installation is the reverse of removal. 


Dome light 

Refer to illustrations 16.30 and 16.31 

30 Use a small screwdriver and carefully 
pry the dome light lens away from the base 
(see illustration). Remove the lens. 


16.43 Pry the bulb out of the clips and push 


16.30 Carefully pry the lens loose and 
detach the lens 


31 Pull the bulb out of the terminals (see 
illustration). 

32 Install a new bulb and press it in all the 
way, then install the dome light lens assembly. 


Dome/map combination light 
33 Use a small screwdriver and carefully 
pry the dome light lens away from the base. 
Remove the lens. 

34 Pull the dome light bulb straight out of 
the socket. 

35 To remove the map light bulb(s), remove 
the screws and remove the lamp assembly 
from the headliner. 

36 Pull the map light bulb(s) straight out of 
the socket. 

37 Installation is the reverse of removal. 


Glove compartment light 

38 Open the glove compartment апа 
remove the contents. 

39 Remove the mounting screw and pull 
the lamp/striker assembly part way out of the 
instrument panel. 

40 Carefully pull the bulb out of the hous- 
ing. 

41 Installation is the reverse of removal. 
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16.46 Rotate the bulb holder counterclockwise and remove it 
from the instrument cluster 
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16.31 Remove the bulb from the terminals 


16.42 Carefully pry the lens off 
Vanity mirror light 

Refer to illustrations 16.42 and 16.43 
42 Pry the lens off the light (see illustra- 
tion). 

43 Pry the bulb out of its clips (see illustra- 


tion) and push a new one in. 
44 Push the lens back into position. 
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Instrument cluster bulbs 

Refer to illustration 16.46 

Note: The instrument cluster printed circuit 
board is fragile. Be careful when removing the 
bulb assemblies. 

45 Remove the instrument cluster to gain 
access to the bulbs (see Section 20). 

46 Grasp the bulb holder, twist 1/4-turn 
counterclockwise and remove the bulb and 
socket from the instrument cluster (see illus- 
tration). Remove the bulb from the socket 
and install a new bulb. 

47 Installation is the reverse of removal. 


17 Radio - removal and installation 


Refer to illustration 17.2 

Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Section 24). 

Note: Late models are equipped with a spe- 
cialized control module named the Smart 
Junction Box (SJB) also referred to as the 
Generic Electronic Module (GEM). Light- 
ing controls, audio controls, ignition key and 
security controls, etc. are all interconnected 
by the CAN network communicator (Control- 


18.3 Use a small wrench to remove the 
antenna mast 


17.2 Insert the 
tools until they seat, 
then push outward 
simultaneously 


on both tools to 
release the clips and 
withdraw the radio 
from the dash 


ler Area Network). Each system (lighting, 
alarm system, audio system, etc) is linked to 
the SJB by the CAN network. Have the CAN 
network system diagnosed by a dealer ser- 
vice department or other qualified automotive 
repair facility. 

1 Disconnect the cable from the negative 
then the positive battery terminal. Remove the 
instrument cluster trim panel (see Section 21). 
2 Insert a radio removal tool into the radio 
face plate (see illustration). Push the tool in 
about 1-inch to release the retaining clips on 
each side. 

3 Using the special tool, pull the radio par- 
tially out of the instrument panel, then discon- 
nect the power, speaker and antenna wires 
from the radio. 

4 Pull the radio assembly out of the instru- 
ment panel. 

5 Installation is the reverse of removal. 


18 Radio antenna - removal and 
installation 


Refer to illustration 18.3 

1 Remove the cowl panel vent (see Chap- 
ter 11). 

2 Reach under the instrument panel, 
pull straight out and disconnect the antenna 
from the rear of the radio chassis. Note: On 
late models, it is possible to disconnect the 
antenna lead from the antenna base under 
the fender. 

3  Unhook the two retaining clips secur- 
ing the antenna lead-in cable (see illustra- 
tion). 

4 Remove the fender inner splash shield. 
Remove the shield by pulling the push-pins 
out of the push-pin casings and unlocking the 
shield from the fender. 

5 Remove the antenna mast from the 
antenna base (turn counterclockwise). Dis- 
connect the antenna cable from the plastic 
clips along the top of the defroster nozzle. 

6 Using a small screwdriver, carefully pry 
the antenna cap from the base and remove 
the cap. 

7 Remove the screws securing the antenna 
base to the body and slowly pull the antenna 
cable out through the body opening. Remove 
the antenna base assembly and gasket. 

8 Tie a piece of string onto the radio end 
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of the antenna cable and the other end to the 
instrument panel. This will be used to pull the 
new antenna cable back through the same 
path as the old one. Remove the antenna 
cable. 

9 Installation is the reverse of removal with 
the following additions. 


a) Be sure to install a new gasket. 

b) Untie the string and attach it to the new 
antenna cable. Slowly pull the string and 
antenna cable back through the body 
opening. Discard the string. 


19 Speakers - removal and 
installation 


Refer to illustration 19.2 

Note: The models covered by this manual 
are equipped from the factory with a speaker 
in each front door and on optional stereo 
equipped models additional speakers are 
installed in the sliding door or the right-side 
cargo door and on the driver side interior 
panel behind the B-pillar. 

1 Remove the trim panel (see Chap- 
ter 11). 

2 Remove the screws securing the speaker 
to the door or speaker bracket (see illustra- 
tion). 

3  Liftout the speaker and disconnect the 
electrical connector at the speaker. Caution: 
Do not operate the radio with the speakers 
disconnected. 

4 Installation is the reverse of removal. 


20 Instrument cluster - removal and 
installation 


Refer to illustrations 20.7, 20.9, 20.10 
and 20.12 


Warning: Some models are equipped with 
airbags. To avoid the possibility of an acci- 
dental deployment of the airbags, disarm the 
airbag system before working in the vicinity of 
the impact sensors, steering column or instru- 
ment panel (see Section 24). 
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19.2 After removing the door trim panel, 
the speaker retaining screws (arrows) are 
easy to reach 


cable loop from the ballstud and the 
thumbwheel bracket from the 
steering column (arrows) 


Note: Late models are equipped with a spe- 
cialized control module named the Smart 
Junction Box (SJB) also referred to as the 
Generic Electronic Module (GEM). Lighting 
controls, audio controls, ignition key and 
security controls, etc. are all interconnected 
by the CAN network communicator (Con- 
troller Area Network). Each system (lighting, 
alarm system, audio system, etc) is linked 
to the SJB by the CAN network. Have the 
CAN network system diagnosed by a dealer 
service department or other qualified auto- 
motive repair facility. 

Caution: On 2004 and later models, if a new 
cluster is installed, a scan tool must be used 
to download the original module's data and 
then install the data into the new module. 

1  Disconnect the negative, then the posi- 
tive battery cable from the battery. 

2 Remove the steering wheel (see Chap- 
ter 10). 

3 | Remove the headlight switch (see Sec- 
tion 13). 

4 Remove the screws and steering column 
opening cover and remove the cover. 

5 | Remove the screws securing the instru- 
ment cluster finish panel. 

6 Remove the instrument cluster finish 
panel by carefully unsnapping it's retaining 
clips starting at the lower clips and then the 
upper clips. On 2001 and later models, there 
are two bolts at the top and two clips at the 
bottom. 

7 Remove the transmission PRND21 indi- 
cator cable loop from the ball stud on the shift 
lever (see illustration). 

8 Remove the thumbwheel bracket from 
the steering column by removing the thumb- 
wheel bracket screws. 

9 Remove the four screws securing the 
instrument cluster (see illustration). 

10 Remove the two screws securing the 
gear selector indicator (PRND21) and cable 
to the instrument cluster (see illustration). 
Remove the selector indicator down and out 
of the cluster. It is not necessary to disconnect 
the indicator. 


20.9 Remove the 
instrument cluster 


mounting screws 
(arrows) 


11 Carefully pull the instrument cluster 
assembly partially out from the instrument 
panel. 

12 Squeeze the locking tabs on the printed 
circuit three electrical connectors, then dis- 
connect them from the printed circuit board 
(see illustration). 

13 Remove the instrument cluster assembly. 
Warning: Always store and place the instru- 
ment cluster in the upright (normal in dash) 
position. Failure to do so can result in loss of 
gauge anti-vibration fluid and contamination of 
the gauge face from the fluid leakage. 

14 Replace any failed bulbs as required 
by twisting the socket from the back of the 
printed circuit board. 

15 Installation is the reverse of removal. 


21 Brake light switch - replacement 


1 The brake light switch is located on a 
flange or a bracket protruding from the brake 
pedal support. 

2 Disconnect the electrical connector from 
the switch. 

3 Remove the hairpin retainer and spacer 
securing the switch to the brake pedal arm. 

4 Slide the switch, pushrod, nylon wash- 
ers and bushing away from the pedal, then 
remove the switch. 

5 То install, place the switch with the 
U-shaped side nearest the pedal and directly 


20.10 Remove the gear selector indicator 
(PRND21) mounting screws (arrows) and 
remove it from the instrument cluster 
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over or under the pin. The bushing must be 
in the pushrod eyelet with the washer face on 
the side closest to the retaining pin. 

6 Slide the switch up or down so the mas- 
ter cylinder pushrod and bushing are trapped, 
then push the switch firmly down. 

7 Install the plastic washer and hairpin 
retainer. 

8 Connect the electrical connector to the 
switch. Make sure the electrical connector is 
routed correctly and will travel the full swing of 
the pedal without binding. 


22 Power window system - 
description and check 


The power window system operates the 
electric motors mounted in the doors which 
lower and raise the windows. The system 
consists of the control switches, the motors 
(regulators), glass mechanisms and the asso- 
ciated wiring. 

Diagnosis can usually be limited to 
simple checks of the wiring connections and 
motors for minor faults which can be easily 
repaired. These are: 


a) Inspect the power window actuating 
switches for broken wires and loose con- 
nections. 

b) Check the power window fuse/and or cir- 
cuit breaker. 


20.12 Disconnect the electrical 
connectors (arrows) by squeezing the 
locking tabs - then disconnect them from 
the printed circuit board - 
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c) Remove the door panel(s) and check 
the power window motor wires to see if 
they're loose or damaged. Inspect the 
glass mechanisms for damage which 
could cause binding. 


23 Power mirrors - removal and 
installation 


1 Disconnect the negative cable from the 
battery. 

2 Remove the door trim panel (see Сһар- 
ter 11). 

3 Peel the watershield away from the 
upper front corner of the door. 

Remove the mirror mounting fasteners. 
Рші the mirror out, disconnect its electri- 
cal connector and remove it. 

6 Installation is the reverse of removal. 


as 


24 Airbag - general information 


Most models are equipped with a Sup- 
plemental Inflatable Restraint System (SIR), 
more commonly known as an airbag. This sys- 
tem is designed to protect the driver from seri- 
ous injury in the event of a head-on or frontal 
collision. It consists of an airbag module in the 
center of the steering wheel, two crash sen- 
sors mounted at the front and the right side 
of the vehicle and a diagnostic monitor which 
also contains a backup power supply located 
in the passenger compartment. 

First-generation airbag systems included 
only a driver's side airbag, while later mod- 
els have an optional passenger-side airbag 
mounted in the right side of the instrument 
panel. The newest systems also have seatbelt 
"pre-tensioners" which instantly take up any 
seatbelt slack in the event of a signal from the 
impact sensors. 


Airbag module 

The airbag inflator module contains a 
housing incorporating the cushion (airbag) 
and inflator unit, mounted in the center of 
the steering wheel. The inflator assembly 
is mounted on the back of the housing over 
a hole through which gas is expelled, inflat- 
ing the bag almost instantaneously when an 
electrical signal is sent from the system. A coil 
assembly on the steering column under the 
module carries this signal to the module. 

This coil assembly can transmit an 
electrical signal regardless of steering wheel 
position. The igniter in the air bag converts 
the electrical signal to heat and ignites the 
sodium azide/copper oxide powder, producing 
nitrogen gas, which inflates the bag. 


Sensors 

The system has three sensors: two crash 
sensors, one at the center of the radiator sup- 
port and the other on the right frame rail and a 
safing sensor behind the right side cowl kick- 
panel in the passenger compartment. 

The crash sensors are basically pres- 
sure sensitive switches that complete an elec- 


trical circuit during an impact of sufficient G 
force. The electrical signal from these sensors 
is sent to the electronic diagnostic monitor 
which then completes the circuit and inflates 
the airbag(s). At least two sensors (one crash 
sensor and the safing sensor) must be closed 
to inflate the airbag. 


Electronic diagnostic monitor 

The electronic diagnostic monitor sup- 
plies the current to the airbag system in the 
event of the collision, even if battery power is 
cut off. It checks this system every time the 
vehicle is started, causing the “AIR BAG" light 
to go on then off, if the system is operating 
properly. If there is a fault in the system, the 
light will go on and stay on, flash, or the dash 
will make a beeping sound. If this happens, 
the vehicle should be taken to your dealer 
immediately for service. 


Disabling the system 
Refer to illustration 24.8 

Whenever working in the vicinity of the 
steering wheel, the impact sensors, the steer- 
ing column or instrument panel or near other 
components of the airbag system, the system 
should be disarmed. To do this, perform the 
following steps. 


2004 and earlier models 
a) Turn the ignition switch to OFF 
b) Remove the cable from the negative 
battery terminal, then the positive bat- 
tery terminal and wait 2 minutes for the 
electronic module backup supply to be 
depleted 


2005 through 2008 models 

a) Turn off all vehicle accessories (radio, 
А/С, etc.) 

b) Turn the ignition switch to OFF 

c) Remove the F20 fuse (10 amp) from the 
central junction box located under the 
driver's side instrument panel 

d) Turn the ignition switch ON (engine not 
running) and observe the Airbag Light 
for at least 30 seconds. The light should 
stay ON (no flashing signals) 

e) If the airbag indicator does not remain 
ON, double-check the correct F20 fuse 
in the CJB 
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24.8 Location of the ЕЗ2 fuse оп а 2009 
Е-250 model 


f) Turn the ignition switch OFF 

g) Remove the cable from the negative 
battery terminal, then the positive bat- 
tery terminal and wait 2 minutes for the 
backup supply to be depleted 


2009 and later models 

a) Turn off all vehicle accessories (radio, 
AC, etc.) 

b) Turn the ignition switch to OFF 

c) Remove the F32 fuse (10 amp) (see 
illustration) from the smart junction box | 
(SJB) located under the left side instru- 
ment panel 

d) Turn the ignition switch ON (engine not 
running) and observe the Airbag Light 
for at least 30 seconds. The light should 
stay ON (no flashing signals) 

e) If the airbag indicator does not remain 
ON, double-check the correct F32 fuse 
in the SJB 

f) Turn the ignition switch OFF 

g) Remove the cable from the negative 
battery terminal, then the positive bat- 
tery terminal and wait 2 minutes for the 
backup supply to be depleted 


Enabling the system 


2004 and earlier models 
a) Turn the ignition switch to the Off posi- 
tion. 
b) Connect the positive battery cable. 
c) Connect the negative battery cable 


2005 and later models 

To enable the system, turn the key to the 
Run position (battery still disconnected) and 
reinstall the RCM fuse. With no one in the 
vehicle, reconnect the battery cables. Turn the 
key to the Off position and then back On after 
10 seconds and observe the airbag warning 
light. It should stay on for six seconds after 
the key is turned On and then go out. 

The first time the Key is turned to On, 
watch the light for at least 30 seconds, while 
the system self-checks for problems. Prob- 
lems in the airbag system could be indicated 
by the airbag warning light: flashing, failing to 
illuminate, or staying on all the time. If any of 
these symptoms occur, check the airbag sys- 
tem with a scan tool to check for diagnostic 
trouble codes. 


25 Wiring diagrams - general 
information 


Since it isn't possible to include all wir- 
ing diagrams for every model year covered 
by this manual, the following diagrams are 
those that are typical and most commonly 
needed. 

Prior to troubleshooting any circuit, 
check the fuses and circuit breakers to make 
sure they're in good condition. Make sure the 
battery is fully charged and check the cable 
connections (see Chapter 1). Make sure all 
connectors are clean, with no broken or loose 
terminals. 
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1992-96 CHASSIS (GASOLINE) SCHEMATICS 
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1996 5.01, ENGINE SCHEMATIC 
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1996 (Federal under 8600 GVW & California) 5.8L & 1996 7.5L (California) 
ENGINE SCHEMATIC 
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A 


About this manual, 0-5 
Accelerator cable, removal, installation 
and adjustment, 4-9 
Accelerator Pedal Position (APP) sensor, 6-24 
Acknowledgements, 0-2 
Air bypass valve check, 6-29 
Air cleaner housing, removal and installation, 4-9 
Air conditioning 
accumulator, removal and installation, 3-13 
compressor, removal and installation, 3-13 
condenser, removal and installation, 3-13 
evaporator orifice, removal and installation, 3-14 
pressure cycling switch replacement, 3-14 
system, check and maintenance, 3-10 
Air diverter valve check, 6-29 
Air filter, replacement, 1-22 
Air pump and control valves, 6-30 
Air supply pump, check, 6-29 
Airbag, general information, 12-13 
Alternator components, replacement, 5-12 
Alternator, removal and installation, 5-11 
Antifreeze, general information, 3-2 
Anti-lock brake system, general information, 9-3 
Automatic transmission, 7-1 
band adjustment (C6 only), 7-4 
diagnosis, general, 7-2 
extension housing oil seal, replacement, 7-6 
fluid check/change, 1-12 
general information, 7-1 
kickdown cable (C6 only), removal, installation and 
adjustment, 7-3 
mounts, check and replacement, 7-5 
neutral start switch (C6 only), adjustment, 7-4 
removal and installation, 7-6 
shift interlock system (1996 and later), description, 
check and actuator replacement, 7-5 
shift cable/linkage lubrication, 1-19 
shift linkage and cable, inspection, removal, 
installation and adjustment, 7-2 
Throttle valve (TV) cable (AOD only), removal, 
installation and adjustment, 7-3 
transmission control switch (Е400, 4R100 and 
4R70W), description, check and component 
replacement, 7-3 
Transmission range (TR) sensor (1996 and later), 
description, adjustment and replacement, 7-4 
vacuum modulator (C6 only), check and 
replacement, 7-4 


Automotive chemicals and lubricants, 0-15 

Axle pivot bracket (right-side only), removal and 
installation, 10-7 

Axle pivot bushing, removal and installation, 10-7 


Balljoints, removal and installation, 10-5 
Battery 
cables, check and replacement, 5-3 
check and replacement, 5-2 
check, maintenance and charging, 1-16 
emergency jump starting, 0-7 
Body, 11-1 
cowl panel and vent seal, removal and 
installation, 11-11 
door 
hinge, removal and installation, 11-7 
inner and outer handle and latch assembly, 
removal and installation, 11-8 
lock cylinder, removal and installation, 11-9 
trim panel, removal and installation, 11-9 
dual cargo side doors, removal, installation and 
alignment, 11-6 
dual rear doors, removal, installation and 
alignment, 11-7 
engine cover, removal and installation, 11-6 
front bumper and cover, removal and installation, 11-12 
front door window 
glass, replacement and adjustment, 11-10 
regulator, replacement, 11-10 
front door, removal, installation and alignment, 11-6 
front fender and apron, removal and installation, 11-11 
general information, 11-1 
hinged door latch striker, removal, installation 
and adjustment, 11-8 
hinged glass, replacement, 11-11 
hinges and locks, maintenance, 11-5 
hood latch control cable, removal and installation, 11-5 
hood, removal, installation and adjustment, 11-5 
maintenance, 11-1 
radiator grille, removal and installation, 11-11 
rear bumper, removal and installation, 11-12 
repair 
major damage, 11-5 
minor damage, 11-4 
seat belt check, 11-12 
seats, removal and installation, 11-12 
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Index 
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sliding side door, removal, installation and 
alignment, 11-6 
upholstery and carpets, maintenance, 11-1 
vinyl trim, maintenance, 11-1 
windshield and fixed glass, replacement, 11-11 
Booster battery (jump) starting, 0-7 
Brake light switch, replacement, 12-12 
Brake On/Off (BOO) switch, 6-21 
Brakes, 9-1 
Anti-lock brake system, general information, 9-3 
caliper, removal, overhaul and installation, 9-6 
disc, inspection, removal and installation, 9-7 
general information, 9-2 
hoses and lines, inspection and replacement, 9-15 
hydraulic system, bleeding, 9-16 
master cylinder, removal, overhaul and installation, 9-13 
pads, replacement, 9-4 
pedal, removal and installation, 9-16 
power brake booster, removal and installation, 9-15 
rear brake shoes, replacement and adjustment 
E-150 models, 9-8 
E-250 and E-350 models, 9-11 
system check, 1-26 
wheel cylinder, removal, overhaul and installation, 9-13 
Bulb, replacement, 12-9 
Buying parts, 0-8 
Bypass and diverter control circuit check, 6-29 
Bypass valve vacuum check, 6-29 


C 


Camshaft and bearings (OHV engines), 
inspection, 2E-20 
Camshaft lobe lift, check 
4.9L inline six-cylinder engines, 2A-6 
4.2L V6 engines, 2B-14 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-6 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-12 
Camshaft position sensor, 6-22 
Camshaft(s), removal, inspection and installation 
4.9L inline six-cylinder engines, 2A-5 
4.2L V6 engines, 2B-14 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-5 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-11 
Capacities, lubricants and fluids, 1-3 
Catalytic converter, 6-31 
Charging system 
check, 5-10 
general information and precautions, 5-10 
Chassis electrical system, 12-1 
Chassis lubrication, 1-19 
Circuit breakers, general information and check, 12-4 
Coil spring, removal and installation, 10-5 
Combined air bypass and diverter valve, 6-29 
Conversion factors, 0-16 


Coolant temperature sending unit, check and 
replacement, 3-7 
Cooling fan and clutch, check, removal and 
installation, 3-4 
Cooling system 
check, 1-24 
servicing (draining, flushing and refilling), 1-30 
Cooling, heating and air conditioning systems, 3-1 
air conditioning 
accumulator, removal and installation, 3-12 
compressor, removal and installation, 3-13 
condenser, removal and installation, 3-13 
evaporator orifice, removal and installation, 3-13 
pressure cycling switch replacement, 3-14 
system, check and maintenance, 3-10 
antifreeze, general information, 3-2 
coolant temperature sending unit, check and 
replacement, 3-8 
cooling fan and clutch, check, removal and 
installation, 3-4 
general information, 3-2 
heater and air conditioning 
blower motor and circuit, check, 3-8 
blower motor and resistor, removal and 
installation, 3-9 
control assembly, removal and installation, 3-10 
heater core, removal and installation, 3-9 
oil cooler (7.5L engine), removal and installation, 3-14 
radiator, removal and installation, 3-5 
thermostat, check and replacement, 3-3 
water pump 
check, 3-5 
removal and installation, 3-6 
Cowl panel and vent seal, removal and 
installation, 11-11 
Crankcase ventilation filter, replacement, 1-22 
Crankshaft 
inspection, 2E-23 
installation and main bearing oil clearance check, 2E-27 
removal, 2E-19 
Crankshaft oil seals, replacement 
4.9L inline six-cylinder engines, 2A-9 
4.2L V6 engines, 2B-17 
5.01, 5.7L and 7.5L OHV V8 engines, 2C-9 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-20 
Crankshaft position sensor (CKP), 6-21 
Crankshaft pulley, removal and installation 
4.9L inline six-cylinder engines, 2A-4 
4.2L V6 engines, 2B-17 
5.01, 5.7L and 7.5L OHV V8 engines, 2A-4 
4.6L, 5.4L, 6.8L V8 dnd V10 OHC engines, 2D-5 
Cylinder compression check, 2E-13 
Cylinder head 
cleaning and inspection, 2E-17 
disassembly, 2E-16 
reassembly, 2E-26 
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Cylinder head(s), removal and installation 

4.9L inline six-cylinder engines, 2A-8 

4.2L V6 engines, 2B-9, 2B-10 

5.0L, 5.7L and 7.5L OHV V8 engines, 2C-7 

4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-17 
Cylinder Head Temperature (CHT) sensor, 6-23 
Cylinder honing, 2E-27 


D 


Differential lubricant 
change, 1-21 
level check, 1-20 
Differential Pressure Feedback (DPFE) sensor, 6-27 
Distributor cap and rotor check and replacement, 1-19 
Distributor, removal and installation, 5-8 
Diverter valve vacuum check, 6-29 
Door 
hinge, removal and installation, 11-7 
inner and outer handle and latch assembly, removal 
and installation, 11-8 
lock cylinder, removal and installation, 11-9 
trim panel, removal and installation, 11-9 
Drag link, removal and installation, 10-10 
Drivebelt check, adjustment and replacement, 1-15 
Drivebelt tensioner, replacement, 1-16 
Driveline, 8-1 
Driveplate, removal and installation 
4.9L inline six-cylinder engines, 2А-10 
4.2L V6 engines, 2B-19 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-11 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-20 
Driveshaft carrier bearing, check and replacement, 8-7 
Driveshaft(s) 
balancing, 8-6 
general information, 8-6 
removal and installation, 8-6 
Dual cargo side doors, removal, installation and 
alignment, 11-6 
Dual rear doors, removal, installation and 
alignment, 11-7 


E 


EGR control system, 6-26 

EGR valve position sensor, 6-26 

Electrical troubleshooting, 12-1 

Electronic Engine Control (EEC), system and trouble 
codes, 6-1 

Emissions and engine control systems, 6-1 

Engine coolant temperature sensor, 6-16 

Engine cover, removal and installation, 11-6 

Engine electrical systems, 5-1 
alternator components, replacement, 5-12 


alternator, removal and installation, 5-11 
battery 
cables, check and replacement, 5-3 
check and replacement, 5-2 
emergency jump starting, 0-7 
charging system 
check, 5-10 
general information and precautions, 5-10 
distributor, removal and installation, 5-8 
ignition coil, check and replacement, 5-6 
ignition module and stator assembly (TFI-IV ignition 
system), check and replacement, 5-9 
ignition system 
check, 5-4 
Е! Ignition system, 5-5 
El ignition with Coil Over Plug (COP) system, 5-5 
general information, 5-3 
TFI-IV ignition system, 5-4 
ignition timing, check, 5-8 
starter motor 
and circuit, in-vehicle check, 5-13 
removal and installation, 5-14 
starter solenoid, replacement, 5-14 
starting system, general information and 
precautions, 5-13 
Engine oil and filter change, 1-10 
Engine Oil Temperature (EOT) sensor, 6-24 
Engines 
4.9L inline six-cylinder engines, 2A-1 
camshaft lobe lift, check, 2A-6 
crankshaft oil seals, replacement, 2A-9 
cylinder head, removal and installation, 2A-8 
driveplate, removal, inspection and installation, 2A-10 
engine mounts, check and replacement, 2A-10 
lifters and camshaft, removal and installation, 2A-5 
manifolds, removal and installation, 2A-7 
oil pan, removal and installation, 2A-9 
oil pump, removal and installation, 2A-9 
repair operations possible with the engine in the 
vehicle, 2A-2 
rocker arms and pushrods, removal and 
installation, 2A-3 
timing cover and gears, removal and installation, 2A-4 
Top Dead Center (TDC) for number 1 piston, 
locating, 2A-2 
valve cover and pushrod cover, removal and 
installation, 2A-3 
valve springs, retainers and seals, replacement, 2A-6 
4.2L V6 engines, 2B-1 
camshaft, balance shaft and bearings, removal, 
inspection and installation, 2B-14 
crankshaft oil seals, replacement, 2B-17 
cylinder heads, removal and installation, 2B-9, 2B-10 
driveplate, removal and installation, 2B-19 
engine mounts, check and replacement, 2B-19 
exhaust manifolds, removal and installation, 2B-8 
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intake manifold (upper and lower), removal and 
installation, 2B-5 

oil pan, removal and installation, 2B-15 

oil pump, removal and installation, 2B-16 

repair operations possible with the engine in the 
vehicle, 2B-2 

rocker arms and pushrods, removal, inspection 
and installation, 2B-3 

timing chain and sprockets, inspection, removal 
and installation, 2B-12 

Top Dead Center (TDC) for number one piston, 
locating, 2B-3 

valve covers, removal and installation, 2B-3 

valve lifters, removal, inspection and 
installation, 2B-13 

valve springs, retainers and seals, 
replacement, 2B-4 


5.0L, 5.7L and 7.5L OHV V8 engines, 2C-1 


camshaft lobe lift measurement, 2C-6 

crankshaft oil seals, replacement, 2C-9 

cylinder heads, removal and installation, 2C-7 

driveplate, removal, inspection and 
installation, 2C-11 

exhaust manifoid, removal and installation, 2C-7 

intake manifold (upper and lower), removal and 
installation, 2C-6 

lifters and camshaft, removal and installation, 2C-5 

mounts, removal and installation, 2C-11 

oil pan, removal and installation, 2C-8 

oil pump, removal and installation, 2C-19 

repair operations possible with the engine in the 
vehicle, 2C-3 

rocker arms and pushrods, removal and 
installation, 2C-4 

timing cover and chain, removal and 
installation, 2C-4 

Top Dead Center (TDC) for number 1 piston, 
locating, 2C-3 

valve covers, removal and installation, 2C-3 

valve springs, retainers and seals, 
replacement, 2C-6 


4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-1 


camshaft(s), removal, inspection and 
installation, 2D-11 

crankshaft oil seals, replacement, 2D-20 

crankshaft pulley, removal and installation, 2D-5 

cylinder heads, removal and installation, 2D-17 

driveplate, removal and installation, 2D-20 

exhaust manifolds, removal and installation, 2D-16 

intake manifold, removal and installation, 2D-15 

mounts, check and replacement, 2D-22 

oil pan, removal and installation, 2D-18 

oil pump, removal and installation, 2D-19 

repair operations possible with the engine in the 
vehicle, 2D-3 


Index 


rocker arms and valve lash adjusters, removal, 
inspection and installation, 2D-10 
timing chain cover, removal and installation, 2D-5 
timing chains, tensioners and sprockets, removal, 
inspection and installation, 2D-6 
Top Dead Center (TDC) for number one piston, 
locating, 2D-3 
valve covers, removal and installation, 2D-4 
valve springs, retainers and seals, removal 
and installation, 2D-13 
General engine overhaul procedures, 2E-1 
camshaft and bearings (OHV engines), 
inspection, 2E-20 
crankshaft 
inspection, 2E-23 
installation and main bearing oil clearance 
check, 2E-27 
removal, 2E-19 
cylinder compression check, 2E-13 
cylinder head 
cleaning and inspection, 2E-17 
disassembly, 2E-16 
reassembly, 2E-26 
cylinder honing, 2E-27 
engine block 
cleaning, 2E-21 
inspection, 2E-22 
general information, engine overhaul, 2E-12 
initial start-up and break-in after overhaul, 2E-34 
main and connecting rod bearings, 
inspection, 2E-24 
oil pressure check, 2E-12 
oil pump, inspection, 2E-25 
piston rings, installation, 2E-30 
piston/connecting rod assembly 
inspection, 2E-22 
installation and rod bearing oil clearance 
check, 2E-31 
removal, 2E-18 
timing chain/sprockets or gears, wear 
checks, 2E-17 
vacuum gauge diagnostic checks, 2E-13 
valve adjustment, 2E-33 
valve lifters and pushrods, inspection, 2E-17 
valves, servicing, 2E-26 
Evaporative Emissions Control System (EECS), 6-28 
Exhaust Gas Recirculation (EGR) system, 6-26 
Exhaust manifolds, removal and installation 
4.9L inline six-cylinder engines, 2A-7 
4.2L V6 engines, 2B-8 
5.0L, 5.7L and 7.5L'OHV V8 engines, 2C-7 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-16 
Exhaust system 
check, 1-25 
servicing, general information, 4-13 


Index 
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F 


Filter, replacement 
air and crankcase ventilation, 1-22 
engine oil, 1-10 
fuel, 1-24 
Fluid level checks 
automatic transmission, 1-12 
brake fluid, 1-8 
differential, 1-20 
engine coolant, 1-7 
engine oil, 1-7 
power steering, 1-11 
windshield washer fluid, 1-8 
Front axle arm, removal and installation, 10-7 
Front bumper and cover, removal and installation, 11-12 
Front door window 
glass, replacement and adjustment, 11-10 
regulator, replacement, 11-10 
Front door, removal, installation and alignment, 11-6 
Front fender and apron, removal and installation, 11-11 
Front shock absorbers, inspection, removal and 
installation, 10-4 
Front stabilizer bar, removal and installation, 10-7 
Front wheel bearing check, repack and 
adjustment, 1-27 
Front wheel spindle, removal and installation, 10-5 
Fuel and exhaust systems, 4-1 
accelerator cable, removal, installation and 
adjustment, 4-9 
air cleaner housing, removal and installation, 4-9 
exhaust system servicing, general information, 4-13 
filter replacement, 1-24 
fuel injection system check, 4-10 
fuel injection system general information, 4-10 
fuel level sending unit, check and replacement, 4-8 
fuel lines and fittings, general information, 4-5 
fuel pressure regulator, removal and installation, 4-11 
fuel pressure relief procedure, 4-3 
fuel pump, removal and installation, 4-7 
fuel pump/fuel pressure, check, 4-3 
fuel rail and injectors, removal and installation, 4-12 
fuel tank, cleaning and repair, 4-7 
fuel tank, removal and installation, 4-7 
general information, 4-2 
Intake Air Systems, 4-13 
system check, 1-24 
throttle body, removal and installation, 4-11 
Fuel injection system 
check, 4-10 
general information, 4-10 
Fuel Pump Driver Module (FPDM), 6-25 
Fuel Rail Pressure (FRP)/Fuel Rail Pressure 
Temperature (FRPT) sensor, 6-25 
Fuel Tank Pressure (FTP) sensor, 6-24 
Fuses and fusible links, general information, 12-2 


G 


General engine overhaul procedures, 2E-1 
camshaft and bearings (OHV engines), inspection, 2E-20 
crankshaft 
inspection, 2E-23 
installation and main bearing oil clearance 
check, 2E-27 
removal, 2E-19 
cylinder compression check, 2E-13 
cylinder head 
cleaning and inspection, 2E-17 
disassembly, 2E-16 
reassembly, 2E-26 
cylinder honing, 2E-27 
engine block 
cleaning, 2E-21 
inspection, 2E-22 
engine overhaul 
disassembly sequence, 2E-16 
reassembly sequence, 2E-26 
engine rebuilding alternatives, 2E-14 
engine removal, methods and precautions, 2E-14 
engine, removal and installation, 2E-15 
general information, engine overhaul, 2E-12 
initial start-up and break-in after overhaul, 2E-34 
main and connecting rod bearings, inspection, 2E-24 
oil pressure check, 2E-12 | 
ой pump, inspection, 2Е-25 
piston rings, installation, 2Е-30 
piston/connecting rod assembly 
inspection, 2E-22 
installation and rod bearing oil clearance check, 2E-31 
removal, 2E-18 
timing chain/sprockets or gears, wear checks, 2E-17 
vacuum gauge diagnostic checks, 2E-13 
valve adjustment, 2E-33 
valve lifters and pushrods, inspection, 2E-17 
valves, servicing, 2E-26 


H 


Headlight bulb, replacement, 12-7 

Headlight switch, check and replacement, 12-7 

Headlights, adjusting, 12-8 

Heater and air conditioning blower motor and circuit, 
check, 3-7 

Heater and air conditioning blower motor and 
resistor, removal and installation, 3-8 

Heater and air conditioning control assembly, 
removal and installation, 3-10 

Heater core, removal and installation, 3-9 

Hinged door latch striker, removal, installation 
and adjustment, 11-8 

Hinged glass, replacement, 11-11 
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Index 


Hinges and locks, maintenance, 11-5 

Hood latch control cable, removal and 
installation, 11-5 

Hood, removal, installation and adjustment, 11-5 


Idle Air Control (IAC) valve, check, removal and 
adjustment, 6-25 
Ignition coil, check and replacement, 5-6 
Ignition module and stator assembly (TFI-IV ignition 
system), check and replacement, 5-9 
Ignition switch and key lock cylinder, check 
and replacement, 12-5 
ignition system 
check, 5-4 
general information, 5-3 
Ignition timing, check, 5-8 
Information sensors, 6-16 
Initial start-up and break-in after overhaul, 2E-34 
Instrument cluster, removal and installation, 12-11 
Intake Air Systems, 4-13 
Intake Air Temperature (IAT) sensor, 6-20 
Intake manifold, removal and installation 
4.9L inline six-cylinder engines, 2A-7 
4.2L V6 engines, 2B-5 | 
5.0L, 5.7L апа 7.5L OHV V8 engines, 2С-6 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-15 
Introduction, 0-5 


J 


Jacking and towing, 0-14 


K 


Knock sensor, 6-23 


L 


Lubricants and fluids, recommended, 1-1 


Main and connecting rod bearings, inspection, 2E-24 
Maintenance schedule, 1-5 
Maintenance techniques, tools and working 
facilities, 0-8 
Managed Thermactor Air (MTA) (EEC controlled), 6-28 
Manifold Absolute Pressure (MAP) sensor, 6-17 
Mass Airflow Sensor (MAF), 6-19 
Master cylinder, removal, overhaul and 
installation, 9-13 


Mounts, engine, check and replacement 

4.9L inline six-cylinder engines, 2A-10 

4.2L V6 engines, 2B-19 

5.0L, 5.7L and 7.5L OHV V8 engines, 2C-11 

4.6L, 5.4L, 6.8L V8 and У10 OHC engines, 2D-22 
Multifunction switch, check and replacement, 12-5 


O 


Cil and filter change, 1-10 
Oil cooler (7.5L engine), removal and installation, 3-14 
Oil pan, removal and installation 

4.9L inline six-cylinder engines, 2A-9 

4.2L V6 engines, 2B-15 

5.0L, 5.7L and 7.5L OHV V8 engines, 2C-8 

4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-18 
Oil pressure check, 2E-12 
Oil pump, inspection, 2E-25 
Oil pump, removal and installation 

4.9L inline six-cylinder engines, 2A-9 

4.2L V6 engines, 2B-16 | 

5.0L, 5.7L апа 7.5L OHV V8 engines, 2С-9 

4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-19 
Owner safety checks, 1-10 
Oxygen sensor, 6-17 


Р 


Piston rings, installation, 2E-30 
Piston/connecting rod assembly 
inspection, 2E-22 
installation and rod bearing oil clearance check, 2E-31 
removal, 2E-18 
Positive Crankcase Ventilation (PCV) system 
general information 6-30 
heated PCV valve replacement, 6-31 
valve check and replacement, 1-23 
Power brake booster, removal and installation, 9-15 
Power mirrors, removal and installation, 12-13 
Power steering 
fluid level check, 1-11 
pressure switch, 6-21 
pump, removal and installation, 10-12 
system bleeding, 10-12 
Power window system, description and check, 12-12 
Powertrain Control Module (PCM), 6-16 
Pump and control valve checks, 6-29 
Purge control valve, 6-28 
Pushrod cover (4.9L inline six-cylinder engines), 2A-3 


R 


Radiator grille, removal and installation, 11-11 
Radiator, removal and installation, 3-5 
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Radio antenna, removal and installation, 12-11 
Radio, removal and installation, 12-11 
Radius arm insulators, replacement, 10-7 
Radius arm, removal and installation, 10-6 
Rear axle assembly, removal and installation, 8-5 
Rear axle, general information, 8-2 
Rear axleshaft (full-floating type), removal and 
installation, 8-4 
Rear axleshaft (semi-floating type), removal and 
installation, 8-3 
Rear axleshaft oil seal and bearing (semi-floating 
type), replacement, 8-2 
Rear brake shoes, replacement and adjustment 
E-150 models, 9-8 
E-250 and E-350 models, 9-11 
Rear bumper, removal and installation, 11-12 
Rear differential pinion bearing seal, replacement, 8-5 
Rear leaf spring, removal and installation, 10-8 
Rear shock absorbers, inspection, removal and 
installation, 10-8 
Rear wheel hub bearings and grease seal 
(full-floating type), removal, inspection and 
installation, 8-2 
Recommended lubricants and fluids, 1-1 
Relays, general information and testing, 12-4 
Repair operations possible with the engine in 
the vehicle 
4.9L inline six-cylinder engines, 2A-2 
4.2L V6 engines, 2B-2 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-3 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-3 
Reverse flow check valve, check, 6-30 
Rocker arms and pushrods, removal and installation 
4.9L inline six-cylinder engines, 2A-3 
4.2L V6 engines, 2B-3 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-4 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-10 


5 


Safety checks, 1-10 
Safety first!, 0-18 
Seat belt check, 11-12 
Seats, removal and installation, 11-12 
Scheduled maintenance, 1-5 
Sliding side door, removal, installation and 
alignment, 11-6 
Solenoid valve checks (TAD/TAB, AIRD/AIRB), 6-30 
Spark plugs 
replacement, 1-17 
type and gap, 1-3 
wires, check and replacement, 1-19 
Speakers, removal and installation, 12-11 
Starter motor 
and circuit, in-vehicle check, 5-13 
removal and installation, 5-14 


Starter solenoid, replacement, 5-14 
Starting system, general information and 
precautions, 5-13 
Steering and suspension check, 1-26 
Steering system 
drag link, removal and installation, 10-10 
general information, 10-8 
power steering 
pump, removal and installation, 10-12 
system bleeding, 10-12 
steering connecting link, removal and installation, 10-10 
steering gear, removal and installation, 10-11 
steering wheel and clockspring, removal 
and installation, 10-8 
tie-rod ends, removal and installation, 10-11 
wheel alignment, general information, 10-12 
wheels and tires, general information, 10-13 
Suspension system 
axle pivot bracket (right-side only), removal and 
installation, 10-7 
axle pivot bushing, removal and installation, 10-7 
balljoints, removal and installation, 10-5 
coil spring, removal and installation, 10-5 
front axle arm, removal and installation, 10-7 
front shock absorbers, inspection, removal and 
installation, 10-4 
front stabilizer bar, removal and installation, 10-7 
front wheel spindle, removal and installation, 10-5 
radius arm insulators, replacement, 10-7 
radius arm, removal and installation, 10-6 
rear leaf spring, removal and installation, 10-8 
rear shock absorbers, inspection, removal and 
installation, 10-8 


T 


Timing chain/sprockets or gears, wear checks, 2E-17 

Thermactor Air By-Pass (TAB/AIRB) or Thermactor 
Air Diverter (TAD/AIRD) solenoid replacement, 6-30 

Thermactor system noise test, 6-30 

Thermactor systems, operations and checks, 6-28 

Thermostat, check and replacement, 3-3 

Throttle body, removal and installation, 4-11 

Throttle Position Sensor (TPS), 6-18 

Tie-rod ends, removal and installation, 10-11 

Timing chain and sprockets, inspection, removal and 
installation, 4.2L V6 engines, 2B-12 

Timing chain cover, removal and installation, 4.6L, 
5.4L, 6.8L V8 and V10 OHC engines, 2D-5 

Timing chains, tensioners and sprockets, removal, 
inspection and installation, 4.6L, 5.4L, 6.8L V8 and 
V10 OHC engines, 2D-6 

Timing cover and chain, removal and installation, 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-4 

Timing cover and gears, removal and installation, 
4.9L inline six-cylinder engines, 2A-4 
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Tire and tire pressure checks, 1-8 
Tire rotation, 1-13 
Tools, 0-10 
Top Dead Center (TDC) for number 1 piston, locating 
4.9L inline six-cylinder engines, 2A-2 
4.2L V6 engines, 2B-3 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-3 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-3 
Transmission, automatic, 7-1 
band adjustment (C6 only), 7-4 
diagnosis, general, 7-2 
extension housing oil seal, replacement, 7-6 
fluid 
change, 1-12 
level check, 1-12 
general information, 7-1 
kickdown cable (C6 only), removal, installation and 
adjustment, 7-3 
mounts, check and replacement, 7-5 
neutral start switch (C6 only), adjustment, 7-4 
removal and installation, 7-6 
shift interlock system (1996 and later), description, 
check and actuator replacement, 7-5 
shift linkage and cable, inspection, removal, 
installation and adjustment, 7-2 
Throttle valve (TV) cable (AOD only), removal, 
installation and adjustment, 7-3 
transmission control switch (E4OD, 4R100 and 
4R70W), description, check and component 
replacement, 7-4 
Transmission range (TR) sensor (1996 and later), 
description, adjustment and replacement, 6-20, 7-4 
vacuum modulator (C6 only), check and 
replacement, 7-4 
Troubleshooting, 0-19 
Tune-up general information, 1-6 
Turn signal/hazard flasher relay, replacement, 12-5 


U 


Underhood hose check and replacement, 1-14 
Universal joints, replacement, 8-6 
Upholstery and carpets, maintenance, 11-1 
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Vacuum gauge diagnostic checks, 2E-13 
Valve adjustment, 2E-33 
Valve covers, removal and installation 
4.9L inline six-cylinder engines, 2A-3 
4.2L V6 engines, 2B-3 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-3 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-4 
Valve lifters and pushrods, inspection, 2E-17 
Valves, servicing, 2E-26 
Valve springs, retainers and seals, replacement 
4.9L inline six-cylinder engines, 2A-6 
4.2L V6 engines, 2B-4 
5.0L, 5.7L and 7.5L OHV V8 engines, 2C-6 
4.6L, 5.4L, 6.8L V8 and V10 OHC engines, 2D-13 
Vapor management valve (VMV), 6-28 
Vehicle identification numbers, 0-6 
Vehicle Speed Sensor (VSS), 6-20 
Vinyl trim, maintenance, 11-1 | 


W 


Water pump 

check, 3-5 

removal and installation, 3-6 
Wheel 

alignment, general information, 10-13 

bearing (front), check, repack and adjustment, 1-29 

cylinder, removal, overhaul and installation, 9-13 
Wheels and tires, general information, 10-13 
Windshield 

and fixed glass, replacement, 11-11 

washer reservoir and pump assembly, removal 

and installation, 12-6 

wiper arm, removal and installation, 12-6 

wiper blade check and replacement, 1-29 

wiper control module, removal and installation, 12-6 

wiper motor, removal and installation, 12-6 
Wiring diagrams, general information, 12-13 
Working facilities, 0-13 


ACURA 


12020 
12021 


12050 
AMC 


14020 
14025 


AUDI 
15020 


15025 
15026 


15030. 


Integra '86 thru '89 & Legend '86 thru 90 
Integra '90 thru "93 & Legend ‘91 thru "95 
Integra "94 thru "00 - see HONDA Civic (42025) 
MDX '01 thru '07 - see HONDA Pilot (42037) 
Acura TL all models '99 thru '08 


Jeep CJ - see JEEP (50020) 
Mid-size models '70 thru '83 
(Renault) Alliance & Encore '83 thru '87 


4000 all models '80 thru '87 

5000 all models '77 thru '83 

5000 all models '84 thru '88 

Audi A4 '96 thru '01 - see VW Passat (96023) 
Audi A4 '02 thru '08 


AUSTIN-HEALEY 


Sprite - see MG Midget (66015) 


3/5 Series '82 thru '92 

S-Series incl. Z3 models '92 thru '98 
S-Series incl. Z4 models '99 thru "05 
3-Series ‘06 thru ‘10 

320i all 4 суі models 75 thru '83 

1500 thru 2002 except Turbo "59 thru 77 


BUICK 


19010 


19020 


19025 


19030 


Buick Century 97 thru "05 

Century (front-wheel drive) - see GM (38005) 
Buick, Oldsmobile & Pontiac Full-size 
(Front-wheel drive) '85 thru "05 

Buick Electra, LeSabre and Park Avenue; 
Oldsmobile Deita 88 Royale, Ninety Eight 
and Regency; Pontiac Bonneville 

Buick, Oldsmobiie & Pontiac Full-size 
(Rear wheel drive) '70 thru '90 

Buick Estate, Electra, LeSabre, Limited, 
Oldsmobile Custom Cruiser, Delta 88, 
Ninety-eight, Pontiac Bonneville, 

Catalina, Grandville, Parisienne 

Mid-size Regal & Century all rear-drive 
models with V6, V8 and Turbo '74 thru '87 
Regal - see GENERAL MOTORS (38010) 
Riviera - see GENERAL MOTORS (38030) 
Roadmaster - see CHEVROLET (24046) 
Skyhawk - see GENERAL MOTORS (38015) 
Skylark - see GM (38020, 38025) 
Somerset - see GENERAL MOTORS (38025) 


CADILLAC 


21015 
21030 


CTS & CTS-V '03 thru “12 

Cadillac Rear Wheel Drive '70 thru '93 
Cimarron - see GENERAL MOTORS (38015) 
DeVille - see GM (38031 & 38032) 
Eldorado - see GM (38030 & 38031) 
Fleetwood - see GM (38031) 

Seville - see GM (38030, 38031 & 38032) 


CHEVROLET 


10305 
24010 
24015 
24016 
24017 


24020 
24024 
24027 
24032 
24040 
24041 
24045 


24046 


24047 
24048 
24050 
24055 
24059 
24060 


24064 
24065 


Chevrolet Engine Overhaul Manual 
Astro & GMC Safari Mini-vans '85 thru '05 
Camaro V8 all models '70 thru '81 

Camaro all models '82 thru '92 

Camaro & Firebird '93 thru '02 

Cavalier - see GENERAL MOTORS (38016) 
Celebrity - see GENERAL MOTORS (38005) 
Chevelle, Malibu & El Camino '69 thru '87 
Chevette & Pontiac T1000 '76 thru '87 
Citation - see GENERAL MOTORS (38020) 
Colorado & GMC Canyon '04 thru '10 
Corsica/Beretta all models '87 thru '96 
Corvette all V8 models '68 thru '82 
Corvette all models '84 thru '96 

Full-size Sedans Caprice, Impala, Biscayne, 
Bel Air & Wagons '69 thru '90 

Impala SS & Caprice and Buick Roadmaster 
'91 thru '96 

Impala '00 thru '05 - see LUMINA (24048) 
Impala & Monte Carlo all models "06 thru "11 
Lumina '90 thru '94 - see GM (38010) 
Lumina & Monte Carlo '95 thru '05 

Lumina APV - see GM (38035) 

Luv Pick-up ail 2WD & 4WD '72 thru '82 
Malibu '97 thru '00 - see GM (38026) 
Monte Carlo all models '70 thru '88 

Monte Carlo '95 thru '01 - see LUMINA (24048) 
Nova all V8 models '69 thru '79 

Nova and Geo Prizm '85 thru '92 

Pick-ups '67 thru '87 - Chevrolet & GMC 
Pick-ups '88 thru '98 - Chevrolet & ОМС 


24066 
24067 
24070 


24071 
24072 
24075 


24080 
24081 


Pick-ups '99 thru '06 - Chevrolet & GMC 
Chevrolet Silverado & GMC Sierra ‘07 thru ‘12 
5-10 & S-15 Pick-ups "82 thru "93, 

Blazer & Jimmy '83 thru "94, 

5-10 & Sonoma Pick-ups '94 thru 04, includ- 
ing Blazer, Jimmy & Hombre 

Chevrolet TrailBlazer, GMC Envoy & 
Oldsmobile Bravada "02 thru "09 

Sprint '85 thru "88 & Geo Metro "89 thru '01 
Vans - Chevrolet & GMC "68 thru '96 
Chevrolet Express & GMC Savana 

Full-size Vans '96 thru 10 


CHRYSLER 


10310 
25015 


25020 


25025 


25026 


25027 


25030 


25035 
25040 


Chrysler Engine Overhaul Manual 
Chrysler Cirrus, Dodge Stratus, 
Plymouth Breeze '95 thru "00 

Full-size Front-Wheel Drive '88 thru '93 
K-Cars - see DODGE Aries (30008) 
Laser - see DODGE Daytona (30030) 
Chrysler LHS, Concorde, New Yorker, 
Dodge Intrepid, Eagle Vision, '93 thru '97 
Chrysler LHS, Concorde, 300M, 
Dodge Intrepid, '98 thru '04 

Chrysler 300, Dodge Charger & 
Magnum '05 thru '09 

Chrysler & Plymouth Mid-size 

front wheel drive '82 thru '95 

Rear-wheel Drive - see Dodge (30050) 
PT Cruiser all models '01 thru '10 
Chrysler Sebring '95 thru '06, Dodge Stratus 
'01 thru '06, Dodge Avenger '95 thru '00 


DATSUN 


28005 
28007 
28009 
28012 
28014 


28018 
28020 
28022 


28025 


200SX all models '80 thru '83 

B-210 all models '73 thru '78 

210 all models '79 thru '82 

2402, 2602 & 2802 Coupe '70 thru 78 
280ZX Coupe & 242 '79 thru '83 

3002Х - see NISSAN (72010) 

510 & PL521 Pick-up '68 thru '73 

510 all models '78 thru '81 

620 Series Pick-up all models '73 thru '79 
720 Series Pick-up - see NISSAN (72030) 
810/Maxima all gasoline models '77 thru '84 


DODGE 


30008 
30010 
30011 
30012 
30013 


30016 
30020 
30021 
30022 
30023 
30025 


30030 


30034 
30035 
30036 
30040 
30041 
30042 
30045 


30050 
30055 
30060 
30065 


400 & 600 - see CHRYSLER (25030) 

Aries & Plymouth Reliant '81 thru '89 
Caravan & Plymouth Voyager '84 thru '95 
Caravan & Plymouth Voyager '96 thru '02 
Challenger/Plymouth Saporro '78 thru '83 
Caravan, Chrysler Voyager, Town & 
Country '03 thru '07 

Colt & Plymouth Champ ’78 thru '87 
Dakota Pick-ups all models '87 thru '96 
Durango '98 & '99, Dakota '97 thru '99 
Durango "00 thru "03 Dakota '00 thru '04 ' 
Durango '04 thru '09, Dakota '05 thru '11 
Dart, Demon, Plymouth Barracuda, 
Duster & Valiant 6 cyl models '67 thru '76 
Daytona & Chrysler Laser '84 thru '89 
Intrepid - see CHRYSLER (25025, 25026) 
Neon all models '95 thru '99 

Omni & Plymouth Horizon '78 thru '90 
Dodge and Plymouth Neon '00 thru '05 
Pick-ups all full-size models '74 thru '93 
Pick-ups all full-size models '94 thru '01 
Pick-ups full-size models '02 thru '08 

Ram 50/D50 Pick-ups & Raider and 
Plymouth Arrow Pick-ups '79 thru '93 
Dodge/Plymouth/Chrysler RWD '71 thru '89 
Shadow & Plymouth Sundance '87 thru '94 
Spirit & Plymouth Acclaim '89 thru '95 
Vans - Dodge & Plymouth '71 thru '03 | 


EAGLE 


FIAT 
34010 
34025 


FORD 


Talon - see MITSUBISHI (68030, 68031) 
Vision - see CHRYSLER (25025) 


124 Sport Coupe & Spider '68 thru '78 
X1/9 all models '74 thru '80 


Ford Engine Overhaul Manual 

Ford Automatic Transmission Overhaul 
Mustang '64-1/2 thru '70 Restoration Guide 
Aerostar Mini-vans all models '86 thru '97 
Contour & Mercury Mystique '95 thru '00 
Courier Pick-up all models '72 thru '82 
Crown Victoria & Mercury Grand 

Marquis '88 thru 10 

Escort/Mercury Lynx all models '81 thru '90 
Escort/Mercury Tracer '91 thru '02 


Haynes Automotive Manuals 


NOTE: If you do not see a listing for your vehicle, consult your local Haynes dealer for the latest product information. 


Escape & Mazda Tribute '01 thru 711 
Explorer & Mazda Navajo '91 thru '01 
Explorer/Mercury Mountaineer '02 thru '10 
Fairmont & Mercury Zephyr '78 thru '83 
Festiva & Aspire '88 thru '97 

Fiesta all models '77 thru '80 

Focus all models '00 thru '11 

Ford & Mercury Full-size '75 thru '87 

Ford & Mercury Mid-size '75 thru '86 
Fusion & Mercury Milan “06 thru “10 
Mustang V8 all models '64-1/2 thru '73 
Mustang Ii 4 суі, V6 & V8 models '74 thru '78 
Mustang & Mercury Capri '79 thru '93 
Mustang all models '94 thru '04 

Mustang '05 thru 10 

Pick-ups & Bronco '73 thru '79 

Pick-ups & Bronco '80 thru '96 

F-150 & Expedition '97 thru '09, F-250 '97 
thru '99 & Lincoln Navigator '98 thru '09 
Super Duty Pick-ups, Excursion '99 thru 10 
F-150 full-size '04 thru 10 

Pinto & Mercury Bobcat '75 thru '80 
Probe all models '89 thru '92 

Probe '93 thru '97 - see MAZDA 626 (61042) 
Ranger/Bronco ll gasoline models '83 thru '92 
Ranger '93 thru 10 & Mazda Pick-ups '94 thru '09 
Taurus & Mercury Sable '86 thru '95 

Taurus & Mercury Sable '96 thru '05 

Tempo & Mercury Topaz '84 thru '94 
Thunderbird/Mercury Cougar '83 thru '88 
Thunderbird/Mercury Cougar '89 thru '97 
Vans all V8 Econoline models '69 thru '91 
Vans full size '92 thru '10 

Windstar Mini-van '95 thru '07 


GENERAL MOTORS 


10360 
38005 


38010 


38015 


38016 


38017 
38020 


38025 


38026 


38027 
38030 


38031 
38032 
38035 
38036 


38040 


38070 
GEO 


40030 


GMC 


GM Automatic Transmission Overhaul 
Buick Century, Chevrolet Celebrity, 
Oldsmobile Cutlass Ciera & Pontiac 6000 
all models '82 thru '96 

Buick Regal, Chevrolet Lumina, 
Oldsmobile Cutlass Supreme & 

Pontiac Grand Prix (FWD) '88 thru '07 
Buick Skyhawk, Cadillac Cimarron, 
Chevrolet Cavalier, Oldsmobile Firenza & 
Pontiac J-2000 & Sunbird '82 thru '94 
Chevrolet Cavalier & 

Pontiac Sunfire '95 thru '05 

Chevrolet Cobalt & Pontiac G5 '05 thru '11 
Buick Skylark, Chevrolet Citation, 

Olds Omega, Pontiac Phoenix '80 thru '85 
Buick Skylark & Somerset, 

Oldsmobile Achieva & Calais and 

Pontiac Grand Am all models '85 thru '98 
Chevrolet Malibu, Olds Alero & Cutlass, 
Pontiac Grand Ат '97 thru "03 

Chevrolet Malibu "404 thru 710 

Cadillac Eldorado, Seville, Oldsmobile 
Toronado, Buick Riviera ’71 thru '85 

Cadillac Eldorado & Seville, DeVille, Fleetwood 
& Olds Toronado, Buick Riviera '86 thru '93 
Cadillac DeVille '94 thru '05 & Seville '92 thru '04 
Cadillac DTS '06 thru 10 

Chevrolet Lumina APV, Oids Silhouette 
& Pontiac Trans Sport all models '90 thru '96 
Chevrolet Venture, Olds Silhouette, 
Pontiac Trans Sport & Montana '97 thru '05 
General Motors Full-size 

Rear-wheel Drive - see BUICK (19025) 
Chevrolet Equinox '05 thru '09 Pontiac 
Torrent “06 thru “09 

Chevrolet HHR ‘06 thru ‘11 


Metro - see CHEVROLET Sprint (24075) 
Prizm - '85 thru '92 see CHEVY (24060), 

'93 thru '02 see TOYOTA Corolla (92036) 
Storm all models '90 thru '93 

Tracker - see SUZUKI Samurai (90010) 


Vans & Pick-ups - see CHEVROLET 


HONDA 


42010 
42011 
42012 
42013 
42014 
42015 
42020 
42021 
42022 


Accord CVCC all models '76 thru '83 
Accord all models '84 thru '89 

Accord all models '90 thru '93 

Accord all models '94 thru '97 

Accord all models '98 thru '02 

Accord '03 thru '07 

Civic 1200 all models '73 thru '79 

Civic 1300 & 1500 CVCC '80 thru '83 
Civic 1500 CVCC all models '75 thru '79 


(Continued on other side) 
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Civic ail models "84 thru 91 

Civic & del Sol "92 thru "95 

Civic '96 thru '00, CR-V '97 thru '01, 

Acura Integra '94 thru '00 

Civic '01 thru 10, CR-V '02 thru "09 
Odyssey all models '99 thru '10 

Passport - see ISUZU Rodeo (47017) 

42037 Honda Pilot '03 thru '07, Acura MDX '01 thru '07 
42040 Prelude CVCC all models '79 thru '89 


HYUNDAI 

43010 Elantra all models '96 thru '10 

43015 Excel & Accent all models '86 thru '09 
43050 Santa Fe all models '01 thru '06 

43055 Sonata all models '99 thru '08 


INFINITI 
G35 '03 thru '08 - see NISSAN 3502 (72011) 


ISUZU 
Hombre - see CHEVROLET S-10 (24071) 
47017 Rodeo, Amigo & Honda Passport '89 thru '02 
47020 Trooper & Pick-up '81 thru '93 


JAGUAR 
49010 XJ6 all 6 суі models '68 thru "86 
49011 XJ6 all models "88 thru '94 
49015 XJ12 & XJS all 12 cyl models '72 thru '85 


JEEP 

50010 Cherokee, Comanche & Wagoneer Limited 
all models '84 thru '01 

50020 CJ all models '49 thru '86 

50025 Grand Cherokee all models '93 thru '04 

50026 Grand Cherokee '05 thru '09 

50029 Grand Wagoneer & Pick-up '72 thru '91 
Grand Wagoneer '84 thru '91, Cherokee & 
Wagoneer ’72 thru '83, Pick-up '72 thru '88 

50030 Wrangler all models '87 thru '11 

50035 Liberty '02 thru '07 


KIA 
54050 Optima ‘01 thru ‘10 
54070 Sephia "94 thru '01, Spectra "00 thru "09, 
Sportage '05 thru 10 
LEXUS 
ES 300/330 - see TOYOTA Camry (92007) (92008) 
RX 330 - see TOYOTA Highlander (92095) 


LINCOLN 


Navigator - see FORD Pick-up (36059) 
59010 Rear-Wheel Drive all models '70 thru '10 


MAZDA 
61010 GLC Hatchback (rear-wheel drive) 77 thru '83 
61011 GLC (front-wheel drive) '81 thru '85 
61012 Mazda3 ‘04 thru ‘11 
61015 323 & Protogé '90 thru '03 
61016 MX-5 Miata '90 thru '09 
61020 MPV all models '89 thru '98 
Navajo - see Ford Explorer (36024) 
61030 Pick-ups '72 thru '93 
Pick-ups '94 thru '00 - see Ford Ranger (36071) 
61035 RX-7 all models '79 thru '85 
61036 RX-7 all models '86 thru '91 
61040 626 (rear-wheel drive) all models '79 thru '82 
61041 626/MX-6 (front-wheel drive) '83 thru '92 
61042 626, MX-6/Ford Probe '93 thru '02 
61043 Mazda6 ‘03 thru ‘11 


MERCEDES-BENZ 
63012 123 Series Diesel 76 thru '85 
63015 190 Series four-cyl gas models, "84 thru "88 
63020 230/250/280 6 cyl sohc models '68 thru '72 
63025 280 123 Series gasoline models '77 thru '81 
63030 350 & 450 all models '71 thru '80 
63040 C-Class: С230/С240/С280/С320/С350 '01 thru '07 


MERCURY 
64200 Villager & Nissan Quest '93 thru '01 
All other titles, see FORD Listing. 
MG 


66010 MGB Roadster & GT Coupe '62 thru '80 
66015 MG Midget, Austin Healey Sprite '58 thru '80 


MINI 
67020 Mini '02 thru “11 


MITSUBISHI 
68020 Cordia, Tredia, Galant, Precis & 

Mirage '83 thru '93 
68030 Eclipse, Eagle Talon & Ply. Laser '90 thru '94 
68031 Eclipse '95 thru '05, Eagle Talon '95 thru '98 
68035 Galant '94 thru 10 
68040 Pick-up '83 thru "96 & Montero '83 thru 93 
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Haynes Automotive Manuals (continued) 


NOTE: If you do not see a listing for your vehicle, consult your local Haynes dealer for the latest product information. 


NISSAN 

72010 3002Х all models including Turbo '84 thru '89 
72011 3502 & Infiniti G35 all models '03 thru '08 
72015 Altima all models '93 thru '06 
72016 Altima '07 thru “10 
72020 Maxima all models '85 thru '92 
72021 Maxima all models '93 thru '04 
72025 Murano "03 thru "10 
72030 Pick-ups '80 thru '97 Pathfinder '87 thru '95 
72031 Frontier Pick-up, Xterra, Pathfinder '96 thru '04 
72032 Frontier & Xterra "05 thru 11 
72040 Pulsar all models '83 thru '86 

Quest - see MERCURY Villager (64200) 
72050 Sentra all models '82 thru '94 
72051 Sentra & 200SX all models '95 thru '06 
72060 Stanza all models '82 thru '90 
72070 Titan pick-ups '04 thru '10 Armada '05 thru 10 


OLDSMOBILE 
73015 Cutlass V6 % V8 gas models '74 thru '88 
For other OLDSMOBILE tities, see BUICK, 
CHEVROLET or GENERAL MOTORS listing. 


PLYMOUTH 
For PLYMOUTH titles, see DODGE listing. 
PONTIAC 
79008 Fiero all models '84 thru '88 
79018 Firebird V8 models except Turbo '70 thru '81 
79019 Firebird all models '82 thru '92 
79025 G6 ali models '05 thru '09 
79040 Mid-size Rear-wheei Drive '70 thru '87 
Vibe '03 thru '11 - see TOYOTA Matrix (92060) 
For other PONTIAC titles, see BUICK, 
CHEVROLET or GENERAL MOTORS listing. 


PORSCHE 
80020 911 except Turbo & Carrera 4 '65 thru '89 
80025 914 all 4 cyl models '69 thru '76 
80030 924 all models including Turbo '76 thru '82 
80035 944 all models including Turbo '83 thru '89 


RENAULT 
Alliance & Encore - see AMC (14020) 
SAAB 


84010 900 all models including Turbo '79 thru '88 


SATURN 
87010 Saturn all S-series models '91 thru '02 
87011 Saturn lon '03 thru '07 
87020 Saturn all L-series models '00 thru '04 
87040 Saturn VUE '02 thru '07 


SUBARU 

89002 1100, 1300, 1400 & 1600 71 thru '79 
89003 1600 & 1800 2WD & 4WD '80 thru '94 
89100 Legacy all models '90 thru '99 

89101 Legacy & Forester '00 thru '06 


SUZUKI 
90010 Samurai/Sidekick & Geo Tracker '86 thru '01 


TOYOTA 

92005 Camry ali models '83 thru '91 

92006 Camry all models '92 thru '96 

92007 Camry, Avalon, Solara, Lexus ES 300 '97 thru '01 

92008 Toyota Camry, Avalon and Solara and 
Lexus ES 300/330 all models '02 thru '06 

92009 Camry ‘07 thru ‘11 

92015 Celica Rear Wheel Drive '71 thru "85 

92020 Celica Front Wheel Drive '86 thru '99 

92025 Celica Supra all models '79 thru '92 

92030 Corolla all models '75 thru '79 

92032 Corolla all rear wheel drive models '80 thru '87 

92035 Corolla all front wheel drive models '84 thru '92 

92036 Corolla & Geo Prizm '93 thru '02 

92037 Corolla models '03 thru '11 

92040 Corolla Tercel all models '80 thru '82 

92045 Corona all models '74 thru '82 

92050 Cressida all models '78 thru '82 

92055 Land Cruiser FJ40, 43, 45, 55 '68 thru '82 

92056 Land Cruiser FJ60, 62, 80, FZJ80 '80 thru '96 

92060 Matrix & Pontiac Vibe '03 thru 11 

92065 MR2 all models '85 thru '87 

92070 Pick-up all models '69 thru '78 

92075 Pick-up all models '79 thru '95 

92076 Tacoma, 4Runner, & T100 '93 thru '04 

92077 Tacoma all models '05 thru '09 қ 

92078 Tundra "00 thru "06 8 Sequoia "01 thru "07 

92079 4Runner all models "03 thru "09 

92080 Previa all models '91 thru "95 

92081 Prius all models '01 thru '08 

92082 НАУ4 all models '96 thru 10 

92085 Tercel all models '87 thru '94 

92090 Sienna all models '98 thru '09 

92095 Highlander & Lexus RX-330 '99 thru '07 


TRIUMPH 
94007 Spitfire all models '62 thru '81 
94010 TR7 all models '75 thru '81 


VW 
96008 Beetle & Karmann Ghia "54 thru 79 
96009 New Beetle '98 thru '11 
96016 Rabbit, Jetta, Scirocco & Pick-up gas 
models '75 thru "92 & Convertible '80 thru "92 
96017 Golf, GTI & Jetta '93 thru '98, Cabrio '95 thru '02 
96018 Golf, GTI, Jetta '99 thru '05 
96019 Jetta, Rabbit, GTI & Golf “05 thru “11 
96020 Rabbit, Jetta & Pick-up diesel '77 thru '84 
96023 Passat '98 thru '05, Audi A4 '96 thru '01 
96030 Transporter 1600 all models '68 thru '79 
96035 Transporter 1700, 1800 & 2000 '72 thru '79 
96040 Type 3 1500 & 1600 all models '63 thru '73 
96045 Vanagon all air-cooled models '80 thru '83 


VOLVO 
97010 120, 130 Series & 1800 Sports '61 thru '73 
97015 140 Series all models '66 thru '74 
97020 240 Series all models '76 thru '93 
97040 740 & 760 Series all models '82 thru '88 
97050 850 Series all models '93 thru '97 


TECHBOOK MANUALS 
10205 Automotive Computer Codes 
10206 OBD-II & Electronic Engine Management 
10210 Automotive Emissions Control Manual 
10215 Fuel Injection Manual '78 thru '85 
10220 Fuel Injection Manual '86 thru '99 
10225 Holley Carburetor Manual 
10230 Rochester Carburetor Manual 
10240 Weber/Zenith/Stromberg/SU Carburetors 
10305 Chevrolet Engine Overhaul Manual 
10310 Chrysler Engine Overhaul Manual 
10320 Ford Engine Overhaul Manual 
10330 GM and Ford Diesel Engine Repair Manual 
10333 Engine Performance Manual 
10340 Small Engine Repair Manual, 5 HP & Less 
10341 Small Engine Repair Manual, 5.5 - 20 HP 
10345 Suspension, Steering & Driveline Manual 
10355 Ford Automatic Transmission Overhaul 
10360 GM Automatic Transmission Overhaul 
10405 Automotive Body Repair & Painting 
10410 Automotive Brake Manual 
10411 Automotive Anti-lock Brake (ABS) Systems 
10415 Automotive Detaiing Manual 
10420 Automotive Electrical Manual 
10425 Automotive Heating & Air Conditioning 
10430 Automotive Reference Manual & Dictionary 
10435 Automotive Tools Manual 
10440 Used Car Buying Guide 
10445 Welding Manual 
10450 ATV Basics 
10452 Scooters 50cc to 250cc 


SPANISH MANUALS 
98903 Reparación de Carrocería & Pintura 
98904 Manual de Carburador Modelos 
Holley & Rochester 
98905 Códigos Automotrices de la Computadora 
98906 OBD-II & Sistemas de Control Electrónico 
del Motor 
98910 Frenos Automotriz 
98913 Electricidad Automotriz 
98915 Inyección de Combustible '86 ai '99 
99040 Chevrolet & GMC Camionetas '67 al '87 
99041 Chevrolet & GMC Camionetas '88 al '98 
99042 Chevrolet & GMC Camionetas 
Cerradas '68 al '95 
99043 Chevrolet/GMC Camionetas '94 al '04 
99048 Chevrolet/GMC Camionetas '99 al '06 
99055 Dodge Caravan & Plymouth Voyager '84 al '95 
99075 Ford Camionetas y Bronco '80 al '94 
99076 Ford F-150 ‘97 ai ‘09 
99077 Ford Camionetas Cerradas '69 ai '91 
99088 Ford Modelos de Tamafio Mediano '75 al '86 
99089 Ford Camionetas Ranger ‘93 al ‘10 
99091 Ford Taurus & Mercury Sable '86 al "95 
99095 GM Modelos de Татайо Grande '70 al '90 
99100 GM Modelos de Tamafio Mediano '70 al '88 
'99106 Jeep Cherokee, Wagoneer & Comanche 
'84 al '00 
99110 Nissan Camioneta '80 al 96, Pathfinder '87 al '95 
99118 Nissan Sentra '82 al '94 
99125 Toyota Camionetas y 4Runner '79 al '95 
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Common spark plug conditions 


NORMAL 


operating conditions. 
Recommendation: 


Symptoms: Brown to grayish-tan color and slight 
electrode wear. Correct heat range for engine and 


WORN 


Symptoms: Rounded electrodes 
with a small amount of deposits on 
the firing end. Normal color. Causes 
hard starting in damp or cold 
weather and poor fuel economy. 

Recommendation: Plugs have 
been left in the engine too long. 
Replace with new plugs of the 
same heat range. Follow the rec- 
ommended maintenance schedule. 


CARBON DEPOSITS 
Symptoms: Dry sooty deposits 
indicate a rich mixture or weak igni- 
tion. Causes misfiring, hard starting 
and hesitation. 

Recommendation: Make sure the 
plug has the correct heat range. 
Check for a clogged air filter or 
problem in the fuel system or engine 
management system. Also check 
for ignition system problems. 


ASH DEPOSITS 

Symptoms: Light brown deposits 
encrusted on the side or center 
electrodes or both. Derived from oil 
and/or fuel additives. Excessive 
amounts may mask the spark, 
causing misfiring and hesitation 
during acceleration. 
Recommendation: |f excessive 
deposits accumulate over a short 
time or low mileage, install new 
valve guide seals to prevent seep- 
age of ой into the combustion 
chambers. Also try changing gaso- 
line brands. 


OIL DEPOSITS 

Symptoms: Oily coating caused 
by poor oil control. Oil is leaking 
past worn valve guides or piston 
rings into the combustion chamber. 
Causes hard starting, misfiring and 
hesitation. 

Recommendation: Correct the 
mechanical condition with neces- 
sary repairs and install new plugs. 


GAP BRIDGING 


Symptoms: Combustion deposits 
lodge between the electrodes. 
Heavy deposits accumulate and 
bridge the electrode gap. The plug 
ceases to fire, resulting in a dead 
cylinder. 

Recommendation: Locate the 
faulty plug and remove the deposits 
from between the electrodes. 


When new spark plugs are 
installed, replace with plugs of the same heat range. 


TOO HOT 

Symptoms: Blistered, white insu- 
lator, eroded electrode and absence 
of deposits. Results in shortened 
plug life. 

Recommendation: Check for the 
correct plug heat range, over- 
advanced ignition timing, lean fuel 
mixture, intake manifold vacuum 
leaks, sticking valves and insuffi- 
cient engine cooling. 


PREIGNITION 


Symptoms: Melted electrodes. 
Insulators are white, but may be 
dirty due to misfiring or flying debris 
in the combustion chamber. Can 
lead to engine damage. 

Recommendation: Check for the 
correct plug heat range, over- 
advanced ignition timing, lean fuel 
mixture, insufficient engine cooling 
and lack of lubrication. 


HIGH SPEED GLAZING 


Symptoms: Insulator has yellow- 
ish, glazed appearance. Indicates 
that combustion chamber temper- 
atures have risen suddenly during 
hard acceleration. Normal deposits 
melt to form a conductive coating. 
Causes misfiring at high speeds. 
Recommendation: Install new 
plugs. Consider using a colder plug 
if driving habits warrant. 


DETONATION 


Symptoms: Insulators may be 
cracked or chipped. Improper gap 
setting techniques can also result 
in a fractured insulator tip. Can lead 
to piston damage. 

Recommendation: Make sure the 
fuel anti-knock values meet engine 
requirements. Use care when set- 
ting the gaps on new plugs. Avoid 
lugging the engine. 


MECHANICAL DAMAGE 


Symptoms: May be caused by a 
foreign object in the combustion 
chamber or the piston striking an 
incorrect reach (too long) plug. 
Causes a dead cylinder and could 
result in piston damage. 
Recommendation: Repair the 
mechanical damage. Remove the 
foreign object from the engine and/ 
or install the correct reach plug. 


Inside this manual: 

ш Routine maintenance 

а Tune-up procedures 

ш Engine repair 

m Cooling and heating 

а Air conditioning 

ш Fuel and exhaust 

B Emissions control 

ш Ignition 

ш Brakes 

ш Suspension and steering 
ш Electrical systems 

а Wiring diagrams 


Step-by-step procedures linked to hundreds of 
easy-to-follow photos and illustrations 


е Complete troubleshooting section helps identify 
specific problems 


e Written from hands-on experience based on a 
vehicle teardown using commonly available tools 


* Haynes tips give valuable short cuts to make the job 
easier and eliminate the need for special tools 


е Notes, Cautions and Warnings for the home mechanic 
е Color spark plug diagnosis 


е Easy to use index 


Models covered by this manual: 


All Ford E-150, E-250 and E-350 Econoline vans with 4.2L V6, 4.9L inline six-cylinder, 
5.01, 5.8L and 7.5L OHV V8, 4.6L, 5.4L OHC V8 and 6.8L ОНС V10 gasoline engines 
1992 through 2012 


Does not include diesel engine information, Compressed Natural Gas (CNG) information, or commercial-chassis vehicles 
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